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ABSTRACT
Aim: To clinically evaluate the effect of different irrigation activating techniques (needle
irrigation, passive ultrasonic irrigation (PUI) and EndoVac) on post-operative pain after single-visit
endodontic treatment.
Materials and methods: Thirty patients aged between 16 and 40 years requiring endodontic
therapy of asymptomatic vital/non vital maxillary central or canine teeth were selected. In all cases,
root canal treatment was done is single-visit in which root canals were prepared using nickeltitanium ProTaper Universal rotary system in crown down manner up to master apical file size F4
or F5 according to the initial apical canal size. Irrigation was done using 2.5% NaOCl. Patients
were randomly assigned into three groups according to the final irrigation activation method, group
1 (control group) needle irrigation, group 2 PUI and group 3 EndoVac system. Obturation was
done using cold lateral compaction technique. Post-operative pain was assessed after 6, 12, 24, 48
hours, one week and two weeks respectively. Post-operative pain evaluation was done using Visual
Analogue Scale (VAS).
Results: EndoVac group showed the least post-operative pain values while needle irrigation
group showed the highest values. This was statistically significant at 6 and 48 hours time intervals.
PUI group showed lower pain values than needle group and this was significant at 48 hours time
interval. In all groups the intensity of post-operative pain decreased over time.
Conclusion: EndoVac system and PUI reduce post-operative pain after single-visit endodontic
treatment than needle irrigation in the first 48 hours.
KEYWORDS: EndoVac, Needle irrigation, Passive ultrasonic irrigation, Post-operative pain,
Single-visit.
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INTRODUCTION
The key to successful endodontic treatment is
complete debridement of the root canal system of
necrotic or infected pulp tissues, microorganisms,
and complete sealing of the root canal space. It is
clinically characterized by absence of symptoms,
swelling and sinus tract and radiographically by
evidence of normal periodontal ligament space,
or gradual decrease in the size of periapical
radiolucency in case of periapical lesion during
follow up periods.
Post-operative pain is deﬁned as the unpleasant
sensation of any degree of pain that occurs after root
canal treatment (RCT). It occurs due to an acute
inﬂammatory response in the periradicular tissues
after being exposed to mechanical, chemical, and
microbial irritation. Extrusion of dentin chips, pulp
tissue, microorganisms, and/or irrigants into the
periradicular tissues during root canal preparation
and irrigation procedures could cause postoperative
pain, swelling, and persistent inﬂammation(1).
Pain perception is mainly a subjective and variable experience that depends on many psychological and physical factors. The visual analog scale
(VAS) is usually used as a measure of pain intensity
in clinical researches due to its simplicity. The VAS
intensity rating consisted of a 100-mm length line
with two end points as no pain and worst pain(2).
Nowadays single visit endodontic treatment is
advocated by many because it is considered that
there is less chances of root canal contamination
during procedure due to less number of appointments
required for completion of procedure, less chances
of loss of temporary seal which leads to coronal
leakage and hence failure of root canal treatment,
reduced procedural costs and minimal patient
anxiety.
Irrigation process is important for bacteria and
debris removal from root canal system. Sodium
hypochlorite (NaOCl) is widely used due to its
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pronounced antimicrobial activity and its ability
to dissolve organic matter. However, its extrusion
into the periapical tissues through the apical constriction is one of the risks associated with its use
due to strong cell toxicity leading to severe immediate pain, profuse intracanal bleeding, progressive
swelling, and sometimes ecchymosis(3).
Irrigant is usually delivered into the root canal
using a side-vented or notched needle. Conventional
manual irrigation with a syringe and needle is
widely used but it has been proven to be incapable
of delivering irrigant into areas with difficult
access such as the apical and isthmus regions.Thus,
different irrigation agitation techniques have been
developed to improve irrigation efficacy within the
root canal system. These include agitation with hand
files, gutta-percha cones, sonic , passive ultrasonic,
apical negative pressure irrigation system and
photon-initiated photo acoustic streaming(4).
Passive ultrasonic irrigation (PUI) was introduced to improve the effectiveness of canal disinfection by agitating an irrigation solution previously
placed inside the canal using ultrasonic tip placed
2mm short of the WL with moving the tip passively
in an up-and-down motion not to bind with the root
canal walls(5).
The EndoVac apical negative pressure irrigation
system was shown to safely irrigate root canals
using negative pressure in the apical terminus
to move the irrigation solution through negative
pressure gradients(6).
With the new era of different methods for activation of irrigating solutions inside root canal, this
study was conducted to evaluate post-operative pain
after single-visit RCT.
MATERIALS AND METHODS
Study design
This study was conducted as a randomized
clinical study.
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Study setting

Ethical considerations

This study was conducted in outpatients who
presented to clinic of Endodontic Department,
Faculty of Dentistry, Tanta University.

Approval for this research was obtained from
Research Ethics Committee, Faculty of Dentistry,
Tanta University. The purpose of the present study
was explained to the patients and informed consents
were obtained according to the guidelines on human
research adopted by the Research Ethics Committee,
Faculty of Dentistry, Tanta University.

Sample size
Thirty patients aged between 16 and 40 years
requiring endodontic treatment of maxillary central
or canine teeth were selected for this study.
Patient selection
Inclusion criteria
·

Asymptomatic vital/non vital teeth requiring
root canal treatment.

·

Teeth having sound periodontal apparatus.

·

Teeth with no pus or inflammatory exudates
draining through the canal.

·

Teeth with sinus tract.

·

Teeth selected as abutments.

·

Patients not on analgesics or sedative medication
prior to root canal therapy(7).

Exclusion criteria
·

Patients with any systemic diseases

·

Immunocompromised or pregnant patients.

·

Retreatment cases

·

Teeth with calcified canals.

·

Patients with acute apical periodontitis, acute
apical abscess and weeping canals(7, 8).
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**** Midwest Dental, Texas, USA.
***** Komet; Brasseler, Lemgo, Germany.
****** NSK, Tokyo, Japan.
******* MANI Inc, Utsunomiya, Japan
# J. Morita, Tokyo, Japan

Group assignment
Thirty patients were randomly divided into three
equal groups (n=10) according to the irrigation
activating technique:
Group1: Side-vented needle (control group).
Group2: Passive ultrasonic activation.
Group3: EndoVac system.
Treatment protocol
Case history was taken and thorough clinical
examination was made. A pre-operative digital
radiograph* using Dr.Suni** software was taken
to check the canal, periodontal and periapical
tissues(7). Local anesthetic*** was administered and
treated tooth was isolated using rubber dam ****.
The access cavity was prepared using long shank
rose head bur size 2***** and Endo Z bur** attached
to high speed contra angle headpiece******. Pulp
tissue was extirpated using barbed broach******* and
working length (WL) was determined with the aid
of apex locator******** and then confirmed by digital
radiograph using, #20 or #25 initial apical file‡‡
according to each canal size.
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Root canals were prepared in all cases using
nickel-titanium ProTaper Universal * rotary system
consisting of shaping files (SX, S1, S2) and finishing
files (F1, F2, F3, F4, F5) in crown down manner
according to manufacture instructions at 300 rpm
using 16:1 reduction handpiece** powered by torque
limited electric motor††† up to master apical file size
F4 (40/.05) or F5 (50/ 0.04) according to the initial
apical canal size(9).
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activated simultaneously using a smooth ultrasonic
file**** (20/0.02) coupled to the file-holding
adapter of the ultrasonic system handpiece††††. The
ultrasonic file was inserted passively without
engaging the dentinal walls at 2 mm shorter than the
WL with short, up-down movements and activated
with a defined power setting of 6 according to
manufacturer’s instructions(15). The procedure was
repeated in six sequences of 30 seconds (13).

Biomechanical preparations of all groups were
done using 2.5% NaOCl solution as a root canal
irrigant. Ten mL were used during access cavity
preparation and initial coronal instrumentation
and five mL were used after every use of a rotary
instrument(10).

First, the root canal was filled with 2.5 mL of
2.5% NaOCl delivered by disposable syringe and
27-gauge side-vented needle then ultrasonically
activated for 30 seconds. This was followed by
another cycle of NaOCl followed by two cycles of
EDTA and finally two cycles of NaOCl (13) .

Irrigation in group 1 was done throughout instrumentation using 27-gauge side-vented needle***
inserted inside canal with no bending 2 mm short
of working length and in up-and-down motion to
improve irrigant flow rate(10, 11). The final activation of irrigation was done in six cycles using 10
mL of 2.5% NaOCl (4) in four cycles and 5 ml of
17% EDTA in two cycles(12). Each cycle was done
as follows, the root canal was filled with 2.5 mL of
2.5% NaOCl delivered by disposable syringe and
27-gauge side-vented needle, inserted up to 2 mm
short of the working length and in up-and-down
motion for 30 seconds and then left in place for 1
minute. First two, and last two cycles were done
with NaOCl and the in-between two cycles were
done with EDTA (13, 14).

In group 3, EndoVac system***** was used
following the manufacturer’s recommendations.
During mechanical preparation, the EndoVac
master delivery tip (MDT) was inserted above the
access opening to constantly deliver and evacuate
2.5% NaOCl solution (11,14).
After reaching the working length with the
master apical file, macroirrigation of each canal
with 2.5 mL, 2.5% NaOCl solution was done over
a 30-second period. This was performed by using
the EndoVac MDT delivering the irrigant while the
macrocannula attached to handpiece was constantly
moved up and down in the canal from a point where
it started to bind to a point just below the orifice
sucking the irrigant. The canal space was then left
full of irrigant for 60 seconds (11,14).

In group 2, Irrigation was done as in group 1
throughout instrumentation but final irrigation
activation was done as follows: irrigants were
continuously delivered into the canal while being

Three cycles of microirrigation were followed,
during which the pulp chamber was kept full of
irrigant while the microcannula attached to finger
piece set was placed at the working length for 6

* Dentsply Maillefer, Ballaigues, Switzerland.
** Endo E Class ,Marathon, Daegu, Korea.
*** Ultra- dent, South Jordan, UT.
**** Acteon Group, Merignac, France.
***** Discus Dental, Culver City,GA.
****** Dentsply DeTrev GmbH, Konstanz Germany.
******* SPSS Inc. Chicago, USA.
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seconds then positioned 2 mm from the working
length for 6 seconds and then moved back to the
working length for 6 seconds. This up-down motion
continued for 30 seconds. Then, the microcannula
was withdrawn from the canal in the presence of
sufficient irrigant in the pulp chamber to ensure that
the canal remained totally filled with irrigant and
that no air was drawn into the canal space and left
undisturbed for 60 seconds. The first cycle was done
using 2.5 mL of 2.5% NaOCl solution. The second
cycle was done for 1 min using 5 ml of 17% EDTA.
The third cycle was done using 5 mL of 2.5%NaOCl
for one minute(11, 14).
During the treatment, patients were not aware of
the used irrigation device. After complete root canal
preparation and irrigation; the canals were finally irrigated with 3 mL saline then dried using paper point***.
The canals were obturated after preparation with AH
Plus* sealer(Fig.IV-12) with gutta percha***(Fig.IV13) using cold lateral condensation technique then
post-operative radiographic evaluation was done to
ensure ideal root canal obturation(16).
Postoperative pain evaluation
It was done using VAS. Patients can place a
mark anywhere on the horizontal VAS form having
values between 0 and 100 and scoring was done
according to Jensen et al(17).
·

Score 0: No pain (0 to 4 mm) the treated tooth
felt normal. Patients don’t have any pain.

·

Score 1: Mild pain (5 to 44 mm) recognizable,
but not discomforting pain which required no
analgesics.

·

Score 2: Moderate pain (45 to 74) discomforting,
but bearable pain (analgesics, if used, are
effective in relieving the pain)

·

Score 3: Severe pain (75 to 100 mm) difficult
to bear (analgesics have little or no effect in
relieving the pain(

* Dentsply DeTrev GmbH, Konstanz Germany.
** SPSS Inc. Chicago, USA.
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Patients’ first record was taken preoperatively for
pain levels in the presence of the clinician to ensure
that they understood the instructions regarding the
pain. Then, further six readings were recorded for
postoperative periods of 6, 12, 24, 48 hours, one
week and two weeks respectively. Each patient
was given a prescription for 600 mg of Ibuprofen
for pain relief only if needed under supervision of
endodontist(8).
Statistical analysis
The data were collected, tabulated and statistically analyzed using SPSS statistic program (version 21) *. Kruskal-Wallis test was used to compare
pain incidence between groups and Mann-Whitney
U Test was used to make pairwise comparisons between groups if significant differences were found.
P-value less than or equal to 0.05 was considered
statistically significant.
RESULTS
Statistical significant differences among the
three groups at 6 hours time interval and 48 hours
time interval were found. So Mann-Whitney pairwise comparisons were done and showed statistical significant differences between group 1 versus
group 3 at 6 hours time interval. At 48 hours time
interval, there were statistical significant differences between group 1 versus group 2 and group 3
(Table 1)
Comparison of post-operative pain among
the three tested groups regardless time interval
revealed statistical significant differences between
all groups (P-value<0.001) with highest pain
levels were recorded in group 1 and lowest pain
levels were recoded in group 3. Mann-Whitney
pairwise comparisons showed statistical significant
differences between group 1 versus group 2 (P-value
0.023), group 1 versus group 3(P-value <0.001) and
group 2 versus group 3(P-value 0.029).

(3724)

E.D.J. Vol. 67, No. 4

Ahmed Ibrahim Salim, et al.

TABLE (1): Number and percentage of cases recording different scores of post-operative pain in the three

tested groups at each time interval and their statistical analysis

6 Hours

Time intervals
scores

Groups
Group 1

12 Hours
24 Hours
48 Hours
1 Week

Group 3

N

%

N

%

N

%

Score 0

2

20.00

3

30.00

6

60.00

Score 1

3

30.00

4

40.00

4

40.00

Score 2

4

40.00

3

30.00

0

0.00

Score 3

1

10.00

0

0.00

0

0.00

Median

2 Week

Group 2

1.5

1

2

20.00

3

30.00

6

60.00

Score 1

4

40.00

5

50.00

4

40.00

Score 2

4

40.00

2

20.00

0

0.00

1

1

2

20.00

5

50.00

7

70.00

Score 1

7

70.00

5

50.00

3

30.00

Score 2

1

10.00

0

0.00

0

0.00

1

0.5

2

20.00

7

70.00

8

80.00

Score 1

8

80.00

3

30.00

2

20.00

1

0

7

70.00

9

90.00

10

100.00

Score 1

3

30.00

1

10.00

0

0.00

Score 0
Median

0
10

100.00
0

0
10

1&2

1&3

2& 3

6.448

0.040*

0.339

0.016*

0.084

5.677

0.059

5.541

0.063

8.136

0.017*

0.028*

0.009*

0.615

3.904

0.142

0.000

1.000

0

Score 0
Median

P-value

0

Score 0
Median

X2

0

Score 0

Median

Mann-Whitney Test

0

Score 0

Median

KruskalWallis Test

100.00

0
10

0

In Comparing recorded post-operative
pain at six time intervals in each group, it was
found that a high statistical significant difference
was found among the 6 time intervals in group 1
(P-value<0.001) and group 2 (P-value<0.001)
while there was no statistical significant difference
among the 6 time intervals in group 3 .
In group 1, Wilcoxon Signed Ranks Test was
done and showed significant differences between 6
hours time interval versus all the other time intervals
except 12 hours time interval. Additionally, there
was no statistical significant difference between 12

100.00
0

hours and 24 hours time intervals, 24 hours and 48
hours time intervals nor between one week and two
weeks time intervals.
In group 2, Wilcoxon Signed Ranks Test was
done and showed significant differences between
6 hours time interval versus all the other time
intervals except 12 hours time interval. While
no statistical significant difference was recorded
between 24 hours and 48 hours time intervals,
48 hours and one week time intervals, 48 hours and
two weeks time intervals nor between one week and
two weeks time intervals.
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DISCUSSION
The success of endodontic therapy is not only
defined by the efficacy of cleaning, shaping, and
obturation but also by the degree of post-operative
discomfort(18). Therefore, the incidence of pain in
root canal treatment has been a matter of concern
even with the inception of advanced endodontic
instruments(18). Factors affecting the incidence and
severity of pain are still not clear because of limitations of pain evaluating researches(10). No single
factor is affecting post-operative pain and it may be
due to mechanical, chemical and/or microbial injury
to the pulp or periradicular tissues(19). Irrigating solutions or medications can evoke pain by irritating
the periradicular tissues(9). So, this study was done
to evaluate post-operative pain after using different
irrigation activation techniques in single visit endodontic treatment.
The used irrigant solution throughout mechanical
instrumentation in this study was NaOCl due to
its wide spectrum antibacterial effect and high
dissolution capacity. A medium concentration
(2.5%) was used since in lower concentrations,
the dissolution capacity and antibiofilm effect are
decreased and in higher concentrations, toxicity and
negative effect on dentin structure is increased. It
was followed by EDTA to remove the inorganic part
of smear layer, thereby exposing the dentinal tubule
openings for the next irrigant or sealer(3).
The control group in this study was syringe irrigation as it is the most widely used because of its
simplicity and irrigant volume control(20). Side-vented needles were used as it creates more pressure on
the walls of the root canal and improve the hydrodynamic activation of an irrigant, while avoiding the
inadvertent extrusion of the irrigant into periapical
tissues (21).
PUI is more effective than conventional syringe
irrigation regarding removal of pulp tissue and dentin debris (22) and many researchers have proven that
the use of PUI significantly reduces the number of
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bacteria (23-25). EndoVac system was also shown to
have better microbial elemination than the conventional syringe irrigation delivery system(26). PUI and
EndoVac systems were compared to side-vented
needle concerning post-operative pain in the present
study as little studies are found regarding this point.
Evaluation of a single variable as the cause of
postoperative pain is very difficult mission as pain is
affected by many other factors which are impossible
to eliminate in a clinical scenario. However, welldesigned single variable analysis provides valuable
information regarding the impact of that variable on
the occurrence of pain(27). So, strict inclusion criteria
were adopted in this study to eliminate the effect of
other preoperative factors.
Asymptomatic teeth were selected because preoperative pain has great impact on occurrence of
postoperative pain. Teeth with apical periodontitis,
acute apical abscess or retreatment cases were not
included, and a highly aseptic protocol was maintained to prevent bacterial contamination(28).
Only single canaled teeth were incorporated in
this study to decrease the risk of missed or complicated root canal anatomy and to make sure that
each canal would be irrigated with the same amount
of irrigant solution. Instrumentation and obturation were done in single visit to remove the effect
of intra-canal medication as another possible factor
for post-operative pain. Furthermore, only patients
having no analgesic medication recently were included in this study so that no drug interaction could
interfere with post-operative pain after endodontic
treatment(9).
In the present study, electronic root canal length
measurement device was used to determine WL and
then it was radiologically conﬁrmed. This ensures
that preparation would be confined within the root
canal system, thereby preventing the over instrumentation that is considered to be one of the causes
of post-operative pain(2).

(3726)

E.D.J. Vol. 67, No. 4

During syringe irrigation and to avoid forcing
irrigants into the periapical tissue some precautions
were done as not binding the needle, not reaching
WL with the needle, and using a gentle pressure
of irrigation (29). Needle tip was kept 2 mm short
from the apex as a safety measure which is within
1.5–3 mm from WL(30).
In this study, PUI intermittent ﬂush technique
was used to have control on the amount of irrigant
ﬂowing through the apical region because both
the depth of needle penetration and the amount
of irrigant administered were known which is not
possible with continuous ultrasonic irrigation(31).
One of the characteristics of the ultrasonic activated
instruments is the cleaning promoted by acoustic
flow and cavitation, which requires an enlargement
of the root canal for an adequate performance, and
for this reason as well as for the anatomic possibility
of the teeth used in this study the root canals were
instrumented until ProTaper F4 and F5(32).
In PUI activation, #20 endosonic ﬁle was used to
be less likely to contact the canal walls and prevent
a dampening effect on the canal wall and inserted
2 mm shorter of the WL as the contact between an
ultrasonic tip and the dentinal wall may result in
diminished amplitude and the reduction of irrigant’s
streaming velocity. Shorter passive irrigation makes
it easier to keep the file in the center of the canal
and therefore prevents it from touching the walls
and creating aberrant forms. Therefore, in this study
PUI activation was done for 30 seconds(33).
For the EndoVac group, the macrocannula was
inserted short of binding, and the microcannula was
inserted to WL as recommended by the manufacturer(34). The amount of irrigant delivered between
files and during final irrigation was controlled, six
cycles of irrigation activation were done in needle
irrigation and PUI groups (33) and four cycles in
EndoVac group (34) with the same amount of irrigant, to evaluate the sole role of irrigation activation
techniques(35).
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Post-operative pain is highly subjective and is
affected by several factors. So, different scales and
methods have been used to assess postoperative
pain. The current study used the VAS (100 mm)
scale ranging from 0 to 10 to measure the intensity
of postoperative pain. This scale has been widely
used in previous studies evaluating post-operative
pain after RCT due to its simplicity, validity, and
reliability (2, 10, 36, 37).
In general, the pain levels experienced by the
patients in our study were very low, with only 1 of
30 total reports exceeding moderate pain. No patient
reported complications like swelling or paresthesia.
This is in agreement with Gondim et al.(9) regarding
pain levels.
Post-operative pain recorded with highest
values after 6 hours of treatment, which started to
decrease in the following periods until it almost
disappeared after one week. This is in agreement
with several studies evaluating the duration of postoperative pain after RCT (12, 38-40). This could be
due to the possible irritation of the periapical area
during endodontic treatment that caused the local
inflammatory response that decreased after healing
of the periapical area(41).
Pain values were lower in Endovac group compared to conventional needle group and it was significant after 6 hours and 48 hours time interval.
These finding is in agreement with Gondim et al.(9)
and Topçuoğlu et al.(12). The increased pain levels
with conventional needle-syringe irrigation can due
to positive pressure of conventional irrigation that
extrudes greater weight of debris apically. Further,
the inability to completely remove vital/ necrotic
pulpal remnants and microbes as it can’t reach full
working length and that could contribute to the reported post-operative pain(42). Additionally, It could
be viewed that sodium hypochlorite accident can
occur with the greatest potential during needle irrigation with manual agitation (43).
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It was shown that using EndoVac system significantly results in less apical extrusion of irrigant. So,
chemical irritation of the periapical tissues leading
to post-operative pain may not be likely (44-46). Romualdo et al.(47) reported that using apical negative
pressure during irrigation prevents the apical extrusion of the irrigant compared with positive pressure.
Compared to PUI, Syringe irrigation group
showed higher post-operative pain levels and that
was significant at 48 hours time interval. Laboratory studies comparing Ultrasonic irrigation with
syringe irrigation have reported Ultrasonic irrigation to be more effective in debris removal from
the apical third (48) and narrow isthmuses(49). In addition, PUI group extruded less debris than the conventional syringe irrigation group(50, 51). This is an
agreement with Middha et al(10) but the difference
was significant on the first day only.
This was also supported by Tang et al.(52) who
compared post-operative pain levels after 24 hours
and one week of single-visit treatment. The results
demonstrated that the pain levels at 24 hours and
one week after the procedure were significantly
lower in ultrasonic groups than conventional syringe needle group.
This was in disagreement with Topçuoğlu et al.(2)
and Gündoğar et al.(38) who found no significant
difference between side-vented needle group and
passive ultrasonic irrigation group. This may be due
to presence of pre-operative pain in all cases in these
studies. Additionally, Other studies (20, 53, 54) showed
no statistical significant difference between Syringe
irrigation and PUI regarding irrigant extrusion.
Moreover, Gupta et al.(55) found that the maximum extrusion of debris as well as irrigant was observed in PUI group. This might be because in PUI
the tip was inserted only 1 mm short of WL while
the instrument tip was 2 mm short of WL in other
activation groups,. Also, Hizarci et al.(56) stated that
the amount of apical debris extrusion was statistically higher in PUI than syringe needle irrigation.
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CONCLUSION
Within the limitations of this study, it was
concluded that:
·

None of the tested irrigation activation
techniques completely prevented the occurrence
of post-operative pain.

·

Intensity of post-operative pain was decreased
over time in all groups.

·

Using EndoVac system (negative pressure
irrigation) and PUI had better results in reducing
post-operative pain than using needle irrigation
in the first 48 hours.

·

Using negative pressure irrigation system reduces the occurrence of post-operative pain than
positive pressure irrigation systems regardless
time intervals.
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