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T AH Plus® and AH PlusJet®

Endodontic sealers play a crucial
role in endodontic treatment, with
primary clinical requirements in-
cluding excellent biocompatibility
and long-lasting sealing of the root
canal. A leak-resistant seal is essen-
tial for preventing microbial infiltra-
tion and ensuring the success of the
treatment. Achieving this seal de-
pends on factors such as dimensio-
nal stability (shrinkage/expansion),
low solubility, and ideally adhesion
to both dentin and obturation mate-
rials. In addition, a sealer should de-
monstrate good radiopacity for easy
identification during radiographic
evaluation and be easy to apply [1].

Historically, root canal sealers were
made from materials like zinc oxi-
de-eugenol, calcium hydroxide,
or medicinal substances such as
formaldehyde or corticosteroids.
However, the development of re-
sin-based sealers marked a signifi-
cant advancement in endodontics.
The introduction of AH 26® (Dent-
sply DeTrey, Konstanz, Germany) in
1955, the first resin-based root canal
sealer, marked a new era of sealing
materials [2]. Over the decades, ad-
vancements continued, and in 1995,
Dentsply launched AH Plus® (Dent-
sply DeTrey, Konstanz, Germany;
Figure 1), a paste-paste epoxy resin-
based sealer with improved proper-

ties, including enhanced dimen-
sional stability, radiopacity, minimal
shrinkage compensated by over
time expansion, and without form-
aldehyde release [3]. In 2005, the
product was further improved with
the introduction of AH Plus Jet®
(Figure 1), a user-friendly double-
barrel syringe designed for easier
application. AH Plus® is composed
by an epoxide and an amine paste.
The epoxide paste combines ep-
oxide resins with radiopaque fillers
and rheology modifiers, while the
amine paste includes three types
of amine components, radiopaque
fillers, and rheology modifiers. Due
to its specific composition, AH Plus®
exhibits low solubility, self-adhesive
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Figure 1:

properties with adhesion to dentin,
outstanding low leakage, and excel-
lent sealing performance. The use
of finely ground calcium tungsta-
te and zirconium oxide with a filler
content of approximately 76% facili-
tates superior radiopacity. AH Plus®
builds on the long success of AH
268, offering improved performance
based on Dentsply's long-standing
epoxy amine research. Today, AH
Plus® has been described by many
authors as the “gold standard” in
root canal sealing materials, widely
recognized for its long-term sea-
ling performance, and serving as
the benchmark for evaluating new
sealers in both clinical and laborato-
ry settings [2, 4].
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On the left, AH Plus® Root Canal Sealer tubes launched in 1995. On the
right, AH Plus Jet® Root Canal Sealer syringes launched in 2005.



2 Key literature search

AH Plus® was launched in 1995
and the aim of this manual it is an
evidence-based overview of the
clinical success of AH Plus® over the
30 years since its introduction. More
than 2500 articles have been retrie-
ved after searching for AH Plus® in
PubMed and EBSCO. From these,
30 articles were selected based on
the inclusion criteria namely being
a clinical study on AH Plus® written
in English. No temporal restrictions
were applied. In vitro and animal
studies were excluded, as well as re-
views, comments, letters to the edi-
tor, opinions, case reports, and off-
label use of AH Plus®. Six additional
studies were included after manual
search in retrieved articles (Figure 2).

This scientific manual provides a sy-
nopsis of the key published research
findings on AH Plus® and AH Plus
Jet® focusing on its clinical and ra-
diographic success in permanent
mature and immature teeth and
post-obturation pain assessment.
Each summary is based on facts re-
trieved from the original research
article.

PubMed

.

513 papers

452 studies
excluded

61 papers

Selection by
title/abstracts

EBSCO

.

2596 papers

2566 studies
excluded

30 papers

Figure 2:
Search workflow.
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30 studies included
after full text
reading and removal
of duplicates

+

6 studies
retrieved from
manual search




3 General summary of the included studies

A total of 36 clinical studies were included in this manual. The characteristics of the included studies are summa-

rized on Figure 3.
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Figure 3:

Summary of the characteristics of the included studies.

The most used file systems in the
selected studies were Protaper
Next® (Dentsply Maillefer, Ballaigu-
es, Switzerland) (N=6), followed by
Protaper® Universal (Dentsply Mail-
lefer, Ballaigues, Switzerland) (N=5),

and WaveOne® Gold (Dentsply Mail-
lefer, Ballaigues, Switzerland) (N=4).
Several sealers were tested against
AH Plus®, some of which being En-
doSequence BC Sealer (Brasseler,
Savannah, GA, USA) (N=4), TotalFill

BC (FKG Dentaire SA, La Chaux-de-
Fonds, Switzerland) (N=3), EndoSeal
MTA (Maruchi, Wonju, South Korea)
(N=3), and RealSeal (SybronEndo,
Orange, CA) (N=3).



4 Main outcomes from the selected studies

The selected studies are divided by
main outcomes (post-obturation
pain assessment or clinical and/or
radiographic success) and subdivi-
ded by their obturation technique
(cold lateral condensation, carrier-
based obturation, warm obturation
techniques (without carrier), and
single cone obturation).

1. Pain assessment

Post-obturation pain after root ca-
nal treatments is an expectable and
frequent observation, ranging from
mild tosevere,and can persistfroma
day to several weeks, in which it may
affect patient satisfaction (5). In this
manual, a total of 22 studies aimed
at comparing the incidence and se-
verity of (mostly) short-term post-
obturation pain after the treatment
with different sealers, including
AH Plus®. Regarding the methods
to measure post obturation pain,
scales such as Visual Analog Scale
(VAS) or Numerical Rating Scale
(NRS) were used. A summary of the
methods and main results of each
included study can be seen below.

a. Cold lateral condensation
Study 1

Title: Postoperative pain of single-
visit endodontic treatment with
gutta-percha versus MTA filling: a
randomized superiority trial.
Authors: Khabiri M, Kamgar S, Iran-
manesh P, Khademi A, Torabinejad M.
Published in: BMC Oral Health.
2023 Dec 19;23(1):1026.

Methods: This study aimed to com-
pare postoperative pain levels fol-
lowing root canal treatment using
gutta-percha (GP) with sealer
(AH Plus®) versus mineral trioxide
aggregate (ProRoot® MTA, Dent-
sply Tulsa Dental, Tulsa, OK, USA)
as filling materials in teeth with
asymptomatic apical periodontitis.
The study included 94 single-canal
maxillary or mandibular premolars
with asymptomatic necrotic pulp
(46 treated with AH Plus® and 48
with ProRoot® MTA). Teeth were
shaped using Protaper® Universal
files (Dentsply Maillefer, Ballaigues,
Switzerland), irrigation with 2.5%
NaOCI and saline solution, and cold
lateral condensation as obturation
technique. In the ProRoot® MTA
group, an MTA apical filling was fol-
lowed by a coronal GP and sealer
filling. Pain was assessed 6, 12, 24,

and 72 hours after treatment using
a 10-point Visual Analog Scale (VAS).

Results: The peak of pain intensity
occurred 6 hours after treatment
and decreased significantly over
time for both groups. However, VAS
scores were consistently lower in
the MTA group compared to the
GP group at all time points (p<0.05).
Additionally, female patients re-
ported higher pain scores at 6 and
12 hours (p<0.05), but not at later
time points. Three participants ex-
perienced swelling (2 in the MTA
group and 1in the AH Plus® group)
and one case of discoloration in the
MTA group [6].



4 Main outcomes from the selected studies

Study 2

Title: Predictive models of pain fol-
lowing root canal treatment: a pro-
spective clinical study.

Authors: Arias A, de la Macorra JC,
Hidalgo JJ, Azabal M.

Published in: Int Endod J. 2013
Aug;46(8):784-93.

Figure 4:

Pain incidence over time in the
study by Wang, Xu [8].

No statistically significant differen-
ces were observed between one

or two visits over time (Chi-square
test).

Methods: This study aimed to de-
termine factors influencing the
incidence, intensity, duration, and
triggers of post-endodontic pain af-
ter root canal treatment sealed with
AH Plus®. A total of 316 valid ques-
tionnaires were returned and used
to adjust the logistic regression mo-
dels, while 58 valid responses were
used to assess the validity of the
models.

Results: About 47.3% of patients
(177 cases) reported post-endodon-
tic pain. Around 69.5% of patients
experienced pain for 1-2 days, while
30.5% had pain lasting 3-9 days.
Pain was triggered by occlusal pres-
sure in 36.2% of cases, spontaneously
in 49.2%, and by both in 14.7%. From
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the participants who experienced
pain, 43.5% had mild pain, 45.8%
moderate pain, and 9.6% intense
pain. Lower incidence of pain was
linked to non-molar teeth (p=0.003),
the absence of periapical radiolu-
cency (p=0.003), no previous pain
history (p=0.006), no emergency
treatment (p=0.045), and no occlu-
sal contact (p<0.0001). Higher pro-
bability of moderate/severe pain
was observed with increasing age
(p=0.09) and in mandibular teeth
(p=0.045). Males were less likely to
have prolonged pain (p=0.007). The
study found that the incidence of
post-endodontic pain was influen-
ced by tooth type, periapical condi-
tion, previous pain history, and oc-
clusal contact [7].
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Study 3

Title: Comparison of post-obtura-
tion pain experience following one-
visit and two-visit root canal treat-
ment on teeth with vital pulps: a
randomized controlled trial.
Authors: Wang C, Xu P, Ren L, Dong
G, Ye L.
Published in:
Aug;43(8):692-7.

Int Endod J. 2010

Methods: This study aimed to com-
pare the incidence and intensity
of post-obturation pain following
one-visit versus two-visit root canal
treatments (RCT) in anterior teeth
with vital pulps and a single root
and canal. A total of 89 patients
were included, with 43 receiving
single-visit RCT and 46 receiving
two-visit RCT. All the teeth treated
were vital, with no calcified canals,
and had fully formed foramina,
confirmed by preoperative radio-
graphs. The root canal procedures
were performed using Protaper®
Universal files (Dentsply Maillefer,
Ballaigues, Switzerland) and hand
files, with 2.5% sodium hypochlorite
for irrigation, lateral condensation
for obturation, and AH Plus® sealer.
Calcium hydroxide paste was used
as an intracanal medicament when
required. Post-treatment pain was
assessed at 6, 24, 48 hours, and
1 week using the modified verbal
descriptor scale (VDS), where pain
severity ranged from O to 10 (cor-
responding to the categories “no
pain” to “severe pain”).

Results: The results showed no sig-
nificant difference in the incidence
or intensity of post-obturation pain
between the one-visit and two-visit
groups at any of the time intervals.
Twenty-four hours after the treat-
ment, 65.1% of patients from the sin-
gle-visit group and 58.7% from the
two-visit group experienced pain
and this percentage decreased over
time (Figure 4). Both groups repor-
ted similar percentages of patients
experiencing no pain or only slight
pain 24 hours after obturation (Tab-
le 1). A small percentage of patients
in both groups reported moderate
to strong pain, but the differences
between groups were not statisti-
cally significant. In conclusion, the
study found no significant differen-
ce in post-obturation pain between
one-visit and two-visit root canal
treatments in vital anterior teeth.
Most patients in both groups expe-
rienced either no pain or only mild
discomfort following the procedure

[8].
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Study 4

Title: Comparative evaluation of
postoperative pain and periapical
healing after root canal treatment
using three different base endo-
dontic sealers - A randomized con-
trol clinical trial.

Authors: Khandelwal A, Jose J, Teja
KV, Palanivelu A.

Published in: J Clin Exp Dent. 2022
Feb 1;14(2):e144-e152.

Table 1:

Pain intensity levels over time for
AH Plus® Tubli-Seal, and BioRoot
RCS.

Methods: This study evaluated
postoperative pain and periapical
healing after root canal treatment
using three different endodon-
tic sealers: Tubli-Seal (SybronEndo,
Romulus, Ml, USA), AH Plus®, and Bio-
Root RCS (Septodont, USA), with 18
maxillary anterior teeth per group.
The participants were diagnosed
with necrotic pulp and chronic apical
periodontitis. Treatment was perfor-
med using Protaper Gold® (Dentsply
Maillefer, Ballaigues, Switzerland) un-
der irrigation with 3% sodium hypo-
chlorite and 17% EDTA, and obturated
using cold lateral condensation. Post-
operative pain was assessed at 24
hours, 48 hours, 72 hours, and 7 days
using a Visual Analog Scale (VAS).

Periapical healing was evaluated at
baseline, and at 1-, 3-, and 6-months
post-treatment by measuring the
size of the apical lesion.

Results: In terms of pain, there were
no significant differences among the
groups, apart from Tubli-Seal and
BioRoot RCS at 24 h (p=0.001). For the
BioRoot RCS group compared to the
other sealers, sealer extrusion was lin-
ked to significantly less postoperative
pain at both 24 hours and 48 hours
(p=0.028 and p=0.040, respectively)
(Table 1). In sum, all sealers reduced
postoperative pain 3 and 6 months
after treatment and sealer extrusion
was associated with less pain with
BioRoot RCS [9].

Time AH Plus® Tubli-Seal BioRoot RCS
24 h 11.57+11.18 17.94+11.35* 4.73+7.72%
48 h 1.57+3.74 5.26+9.04 157 + 374
72h 0 2.63+7.33 0
7d 0 0 0

*p=0.001 between Tubli-Seal and BioRoot RCS (Mann Whitney U test).

@ Take home message

Similar to the other tested sealers, mild to moderate pain after treatment was observed in teeth treated with

AH Plus®in the evaluated cold lateral condensation studies, which resolved mainly after the first 72 hours. Post-
endodontic pain was often associated with other factors, such as periapical conditions before the treatment,
but not the number of visits. In the majority of studies, there was no difference in pain intensity when AH Plus®
was compared with bioceramic and zinc oxide eugenol sealers.




b. Carrier-based obturation
Study 5

Title: Post-obturation pain following
the use of carrier-based system
with AH Plus® or iRoot SP sealers: a
randomized controlled clinical trial
Authors: Atav Ates A, Dumani A,
Yoldas O, Unal .

Published in: Clin Oral Investig. 2019
Jul;23(7):3053-3061.

@ Take home message

A reduction of post-treatment pain within the first 48 hours as observed with AH Plus®, when used for carrier-

based obturation.

Methods: This study aimed to com-
pare the incidence and intensity of
postoperative pain, as well as root
canal filling extrusion, using a car-
rier-based obturation system with
two different sealers (AH Plus® and
iRoot SP (Innovative BioCeramix
Inc., Vancouver, Canada)) in vital
and devitalized permanent man-
dibular premolars or molars (N=39
per group). The treatments were
performed in a single visit. Treat-
ments were done using One Shape
file system (Micro-Mega, Besangon,
France) and irrigation with 2.5% so-
dium hypochlorite and 17% EDTA.
Obturation was performed with
a carrier-based system (Herofill™
Soft-Core obturators (Micro-Mega,
Besancon, France)). Pain was eva-
luated using a 10 cm Visual Analog
Scale (VAS) at 6,12, 24, and 72 hours
post-obturation. Extrusion of the fil-
ling was also recorded radiographi-
cally.

Results: Results showed that 68%
of patients with AH Plus® and 59%
with iRoot SP experienced pain in
the first 6 hours, with pain inten-
sity decreasing significantly over
time (p<0.001). Twelve hours after,
patients with premolars filled with
iRoot SP reported less pain than
those with AH Plus® (p=0.042), alt-
hough no significant differences in
pain intensity were noted for mo-
lar teeth. Analgesic intake was hig-
her in the AH Plus® group during
the first 12 hours (p=0.014), and pa-
tients with vital teeth treated with
AH Plus® had a 2.5-fold higher risk
of requiring analgesics compared
to those using iRoot SP. Extrusion
rates were highest in the AH Plus®
(devitalized group) but did not dif-
fer significantly among the groups.
Overall, the type of sealer did not
have a significant impact on pain
levels post-treatment [10].
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c. Warm obturation (without carrier)
Study 6

Title: Comparison of Postobturation
Pain Experience after Apical Extru-
sion of Calcium Silicate- and Resin-
Based Root Canal Sealers.

Authors: Drumond JPSC, Maeda
W, Nascimento WM, Campos DL,
Prado MC, de-Jesus-Soares A,
Frozoni M.

Published in: J
Aug;47(8):1278-1284.

Endod. 2021

Table 2:
Pain intensity per time point for
the three different sealers.

Methods: This study aimed to com-
pare postoperative pain intensity
following unintentional apical ex-
trusion of calcium silicate-based
root canal sealers (EndoSequence
BC Sealer (Brasseler, Savannah, GA,
USA) and Bio-C Sealer (Angelus,
Londrina, PR, Brazil)) with aresin-ba-
sed sealer (AH Plus®). The research
involved 110 patients who required
nonsurgical root canal treatment
for molar teeth with asymptomatic
irreversible pulpitis and with 1-2mm
extrusion of sealers beyond the api-
cal foramen. Instrumentation was
performed using WaveOne® Gold
files (Dentsply Maillefer, Ballaigues,
Switzerland), followed by irrigation
with 2% chlorhexidine, saline solu-
tion, and 17% EDTA, and obturation
with warm vertical compaction.
Post-obturation pain was measu-
red using a numeric rating scale 6,
12, 24, 48 hours, and one week after
treatment.

Results: The extrusion rate was si-
milar for all sealers (approximately
12%). The study found no significant
difference in pain intensity among
the different sealers at any time
point. However, pain levels decrea-
sed significantly in the AH Plus® and
Bio-C Sealer groups after 12 hours,
while the EndoSequence BC Sealer
did not show significant differen-
ces up to a week post-obturation
(Table 2). Overall, unintentional api-
cal extrusion of both types of sealers
resulted in similar low-intensity
postoperative pain, suggesting that
both calcium silicate-based and re-
sin-based sealers have comparable
conseqguences for this outcome [11].

Time AH Plus® EndoSequence BC ISP (D) p-value'
sealer
6h 0.77+1.2 1.23+1.6 1.08+1.8 0.8
12h 0.62+1.1 0.77+1.2 1.00+1.6 0.8
24 h 0.15+0.4 0.54+1.3 0.08+0.3 NA
48 h 0.23+0.8 0.69+1.7 0 0.3
7d 0 0.15+0.4 0 0.

'Mixed model ANOVA. NA -Not available.



Study 7

Title: Comparing the incidence of
postoperative pain after root canal
filling with warm vertical obturati-
on with resin-based sealer and sea-
ler-based obturation with calcium
silicate-based sealer: a prospective
clinical trial

Authors: Yu YH, Kushnir L, Kohli M,
Karabucak B.

Published in: Clin Oral Investig. 2021
Aug;25(8):5033-5042.

Methods: This study aimed to com-
pare postoperative pain following
single-visit, non-surgical root canal
treatment for teeth with irreversi-
ble pulpitis (either symptomatic or
asymptomatic), using two different
sealers: AH Plus® and EndoSequence
BC Sealer (Brasseler, Savannah, GA,
USA). Forty-one teeth with irreversi-
ble pulpitis (either symptomatic or
asymptomatic) were treated with
AH Plus®and 51 with EndoSequence
BC Sealer. The treatments were
performed using rotary nickel-
titanium instruments under 4% so-
dium hypochlorite irrigation. Two
obturation techniques were used,
namely warm vertical compaction
(AH Plus®) and single cone (Endo-
Sequence BC sealer). Patients were
asked to rate their postoperative
pain using a numeric rating sca-
le (NRS) and the Wong-Baker fa-
cial grimace scale at 4-, 24-, and
48-hours post-treatment. Analgesic
intake was also recorded.

Results: Results showed that pain
levels decreased over time for both
groups, with no significant differen-
ces in postoperative pain between
the two sealing techniques at any
time point. However, the AH Plus®
group had more cases of sealer ex-
trusion and patients with sealer ex-
trusion reported higher pain levels.
Factors such as age, gender, preo-
perative pain, and sealer extrusion
were found to influence postopera-
tive pain, while periapical symptoms
and dentist clinical experience did
not. In conclusion, the technique
of obturation did not significantly
affect postoperative pain levels and
for teeth with symptomatic irrever-
sible pulpitis the pain decreased af-
ter 48h regardless of the obturation
technique [12].
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Study 8

Title: Effect of Resin-based and Bio-
ceramic Root Canal Sealers on Post-
operative Pain: A Split-mouth Ran-
domized Controlled Trial

Authors: GCraunaite |, Skucaite N,
Lodiene G, Agentiene |, Machiulski-
ene V.

Published in: J
May;44(5):689-693.

Endod. 2018

Methods: This study aimed to com-
pare the effects of resin-based (AH
Plus®) and bioceramic (TotalFill BC
sealer (FKG Dentaire SA, La Chaux-
de-Fonds, Switzerland)) root canal
sealers on postoperative pain in pa-
tients with asymptomatic apical pe-
riodontitis. Fifty-seven single-rooted
tooth requiring retreatment were
included. Only teeth with a periapi-
cal index (PAl) score of 2 to 4 (indi-
cating small to moderate lesions)
were considered. The retreatments
involved using Protaper® Universal
files (Dentsply Maillefer, Ballaigues,
Switzerland) and 2% sodium hypo-
chlorite for irrigation. Postoperative
pain was assessed using a visual
analog scale (VAS) at intervals of
24 hours, 48 hours, 72 hours, and
7 days after treatment.

Results: There was no incidence of
pain after 48 hours, with VAS scores
of 80 for AH Plus® and 70 for Total-
Fill BC sealer 24h after retreatment.
The study found no statistically sig-
nificant difference in pain levels bet-
ween the two groups at any time
point. However, a higher likelihood
of pain occurrence was noted in lo-
wer premolars compared to upper
front teeth. Overall, postoperative
pain was low, affecting about 35% of
participants, with both sealers per-
forming similarly in terms of pain
occurrence and intensity [13].



Study 9

Title: Comparative evaluation of
pain, tenderness and swelling fol-
lowed by radiographic evaluation
of periapical changes at various in-
tervals of time following single and
multiple visit endodontic therapy:
an in vivo study.

Authors: Prashanth MB, Tavane PN,
Abraham S, Chacko L.

Published in: J Contemp Dent
Pract. 2011 May 1;12(3):187-91.

Methods: This study aimed to as-
sess the incidence and severity of
pain, swelling, tenderness, and pe-
riapical healing following single-vi-
sit and multiple-visit endodontic
therapy, in different categories of
cases. A total of 32 patients were in-
cluded, divided into four groups of
8 each. Group | consisted of single-
visit endodontic therapy for vital
teeth without periapical rarefaction;
Group Il involved single-visit thera-
py for asymptomatic pulpless teeth
with periapical rarefaction; Group Il
involved multiple-visit therapy for
vital teeth without periapical rare-
faction; and Group IV included mul-
tiple-visit therapy for asymptomatic
pulpless teeth with periapical rare-
faction. All teeth treated were single
or two-rooted anterior and premo-
lar teeth with straight canals. The
root canal treatments were perfor-
med using Protaper® Universal ins-
truments (Dentsply Maillefer, Bal-
laigues, Switzerland), with sodium
hypochlorite and EDTA as irrigants,
and AH Plus® sealer with vertical
compaction for obturation. The pa-
tients were evaluated clinically and
radiographically at 48 hours, 1, 4,
and 6 weeks.

Results: The results showed that
mild pain was reported by 12.5% of
patients in Groups |, Il, and IV, but
none of the patients in Group Il re-
ported any pain. None of the pati-
ents in any group experienced pain
after 1, 4, or 6 weeks. There were
no significant differences in post-
operative pain, tenderness, or swel-
ling between the single-visit and
multiple-visit treatment groups. In
conclusion, there was no signifi-
cant difference in the incidence of
pain, swelling, tenderness, or radio-
graphic outcomes between single-
visit and multiple-visit endodontic
therapy, regardless of whether the
teeth were vital or nonvital [14].
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Study 10

Title: The efficacy of 3 root canal
sealers combined with warm gutta-
percha vertical compression techni-
gue in the treatment of dental pulp
disease.

Authors: Li W, Ju B, Cheng G, Lv Z.
Published in: Medicine (Baltimore).
2024 Jun 14;103(24).e38414.

Study 11

Title: Clinical Efficacy of Sealer-ba-
sed Obturation Using Calcium Sili-
cate Sealers: A Randomized Clinical
Trial

Authors: Kim JH, Cho SY, Choi Y,
Kim DH, Shin SJ, Jung IVY.
Published in: J Endod.
Feb;48(2):144-151.

2022

Methods: This study evaluated the
efficacy of three root canal sea-
lants — AH Plus®, GuttaFlow (Coltene
Whaledent GmBH and Co KG, Lan-
genau, Switzerland), and iRoot SP
(Innovative BioCeramix Inc, Van-
couver, Canada) - when combined
with the warm gutta-percha vertical
compaction technique in treating
dental pulp disease. Posterior teeth
with deep caries, acute or chronic
pulpitis, and periapical lesions were
divided into three groups (60 per
sealer). The root canal treatment was
performed using coronal descen-
ding method teeth were obturate

Methods: This study compared the
clinical efficacy of a sealer-based
obturation technique (Endoseal
TCS (Maruchi, Wonju, South Korea),
SBO) with calcium silicate sealers
to a continuous wave of condensa-
tion technique using a resin-based
sealer (AH Plus® CWC). Thirty-nine
teeth were treated with AH Plus®
and thirty-five with Endoseal. Treat-
ments required at least two visits,
and 2.5% sodium hypochlorite was
used during irrigation. Postoperati-
ve pain was assessed using a nume-
rical rating scale (NRS) at 4, 24, and
48 hours. Patients were recalled at
least 6 months later for clinical and
radiographical evaluation. The cli-

using continuous wave compaction.
This study assessed postoperative
pain, quality of root canal filling,
filling time, inflammatory markers
(IL-6 and TNF-a), and overall treat-
ment efficacy after 6 months.

Results: After 6 months, GuttaFlow
and iRoot SP showed lower pain ra-
tes compared to AH Plus® (16.67%
for AH Plus®, 5% for GuttaFlow, and
3.33% for iRoot). The study conclu-
ded that iRoot SP and GuttaFlow
were more effective than AH Plus®in
minimizing postoperative pain and
inflammation [15].

nical and radiographical outcomes
were evaluated based on loose cri-
teria (“Healed” and “Healing” cate-
gories were classified as success
and the “Diseased” category was
classified as failure) and strict crite-
ria (only “Healed” was regarded as
success).

Results: A significant majority
(89.2%) reported no or mild pain
post-treatment, with no significant
differences between groups. Sealer
extrusion and longer filling lengths
were more frequent in the CWC
group, although statistical signifi-
cance was not attained [16].



Study 12

Title: Comparison of the Effects of a
Bioceramic and Conventional Resin-
Based Sealers on Postoperative Pain
after Nonsurgical Root Canal Treat-
ment: A Randomized Controlled Cli-
nical Study.

Authors: Shim K, Jang YE, KimY.
Published in: Materials (Basel). 2021
May 19;14(10):2661.

@ Take home message

Methods: This study compared the
effects of a bioceramic sealer (En-
doseal MTA, (Maruchi, Wonju, South
Korea)) and a resin-based sealer
(AH Plus®) on postoperative pain
in patients undergoing root canal
treatment. A total of 67 teeth were
included, 32 in the AH Plus® group
and 35 in the Endoseal MTA group.
Treatment involved multiple visits,
using Protaper Next® instruments
(Dentsply Maillefer, Ballaigues, Swit-
zerland) with sodium hypochlorite
and EDTA for irrigation. Postoperati-
ve pain was assessed daily for a week
using a visual analog scale (VAS).

Results: Results indicated no signi-
ficant differences in pain incidence
or intensity between the two sealers.
VAS scores generally decreased over
time for both groups, and none of
the preoperative factors significant-
ly affected pain levels. Teeth treated
with Endoseal MTA required less
obturation time compared to those
treated with AH Plus®. In conclusion,
both sealers had similar effects on
postoperative pain, with Endoseal
MTA leading to shorter obturation
times in molars [17].

When used for warm obturation techniques, AH Plus® was linked to mild levels of postoperative pain that de-

creased after 48h. Factors such as preoperative pain were associated with pain, whereas the number of visits
did not seem to impact this outcome. Sealer extrusion and its association with pain presented contradictory
results. There was no difference in pain intensity in comparison with bioceramic sealers in most studies.
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d. Single cone obturation
Study 13

Title: Effect of Endodontic Sealer in
Young Molars Treated by Undergra-
duate Students - A Randomized Cli-
nical Trial

Authors: Cunha SA, Soares CJ, Ro-
satto CMP, Vieira JVSM, Pereira
RADS, Soares PBF, Leles CR, Moura
CCG.

Published in: Braz Dent J. 2020
Nov-Dec;31(6):589-597.

Methods: This study assessed the
impact of two endodontic sealers
— Sealer 26 (Dentsply Sirona, York,
Pennsylvania, USA) and AH Plus® —
on pain incidence and apical repair

in immature permanent molars
after endodontic treatment. Sixty-
nine molars with extensive caries
and diagnosis of symptomatic
irreversible pulpitis or necrosis were
included. Treatment involved 2 to 4
visits, instrumenting with Protaper
Next® files (Dentsply Maillefer, Bal-
laigues, Switzerland), and irrigating
with 2.5% sodium hypochlorite and
17% EDTA. Obturation was done by
single cone technique with both
sealers. In cases the canal was more
oval, some accessory cones were
used. The follow-up moments were
12 and 24 months after treatment,
when two blinded operators asses-
sed the apical repair (absence of ra-
diolucency) and postoperative pain.

Results: Overall, only 3.2% of patients
reported pain at one year, increasing
to 10% at two years. Periapical con-
ditions and unsatisfactory pulpec-
tomy prior to endo treatment were
not predictors of the occurrence of
pain in both periods [18].



Study 14

Title: Pilot Evaluation of Sealer-
Based Root Canal Obturation Using
Epoxy-Resin-Based and Calcium-Si-
licate-Based Sealers: A Randomized
Clinical Trial.

Authors: Song M, Park MG, Kwak
SW, Kim RH, Ha JH, Kim HC.
Published in: Materials (Basel). 2022
Jul 2515(15):5146.

Methods: This study evaluated the
short-term  clinical effectiveness
of sealer-based root canal obtura-
tion by comparing two calcium-
silicate-based sealers (CeraSeal
(Meta Biomed, Cheongju, South
Korea) and EndoSeal TCS (Maruchi,
Wonju, South Korea)) and two epo-

xy-resin-based sealers (AH Plus® and
Adseal (Meta Biomed, Cheongju,
South Korea)). It included 71 teeth
with asymptomatic irreversible pul-
pitis or pulp necrosis, which were
instrumented with Protaper Next®
(Dentsply Maillefer, Ballaigues, Swit-
zerland) and irrigated with 2.5% so-
dium hypochlorite and EDTA. For
the obturation, sealers were intro-
duced with a premixed syringe (Ce-
raSeal and EndoSeal TCS) or with a
master cone (AH Plus® and Adseal).
Then, a master cone was placed to
working length. Outcomes were as-
sessed through clinical evaluations,
radiographic assessments, and pain
severity using visual analog sca-
les (VAS) at 7 days, 1 month, and 3
months post-treatment.

Results: Results showed no signifi-
cant differences among the sealers
regarding voids, sealer extrusion,
or postoperative pain levels. Pain
scores were consistently low across
all groups, with AH Plus® showing
a slight increase in VAS scores from
one week to one month after treat-
ment. Overall, the study found that
on short term all sealers performed
similarly regarding postoperative
pain and effectiveness [19].
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Study 15

Title: The effect of two different root
canal sealers on treatment outco-
me and post-obturation pain in sin-
gle-visit root canal treatment: A pro-
spective randomized clinical trial
Authors: Cosar M, Kandemir Demir-
ci G, Caliskan MK.

Published in: Int Endod J. 2023
Mar;56(3):318-330

Methods: This study compared the
incidence and intensity of post-
operative pain, as well as treatment
outcomes, between two types of
root canal sealers: mineral trioxide
aggregate (MTA)-based bioceramic
sealer (MTA Fillapex (Angelus, Lon-
drina, Brazil)) and epoxy resin-ba-

Table 3:

sed sealer (AH Plus®). In this study,
38 mandibular molars with sympto-
matic irreversible pulpitis were trea-
ted with MTA and 37 with AH Plus®.
Treatment was performed with
WaveOne® Gold file system (Dent-
sply Maillefer, Ballaigues, Switzer-
land) and irrigation included 2.5%
sodium hypochlorite and 17% EDTA.
Obturation was done using a single
cone corresponding in size and ta-
per with the final file and if necessa-
ry, accessory cones were used. Post-
operative pain was assessed using a
Numerical Rating Scale (NRS) 6, 12,
24, 48, 72 hours, 4, 5-, 6-, 7- and 30-
days post-treatment. Clinical and
radiographic evaluations were con-
ducted at 1- and 2-years post-treat-
ment.

Mean pain intensity levels for treatment with AH Plus® or MTA Fillapex.

Results: Pain levels peaked at 6
hours post-treatment (74% for MTA,
73% for AH Plus®) but significantly
decreased over time. By the second
day, pain was significantly redu-
ced in the MTA group, while the
AH Plus® group saw significant
reduction by the third day. At the
30-day follow-up, no pain was re-
ported in the AH Plus® group, while
5% of the MTA group reported pain
(Table 3). Overall, both sealers de-
monstrated similar postoperative
pain incidence and intensity [20].

Time AH Plus® MTA Fillapex p-value'
6 h 1.92 1.61 >0.05
12 h 1.55 1.62 >0.05
24 h 0.97 118 >0.05
48 h 0.54 0.79 >0.05
72 h 0.3 0.5 >0.05
7d 0 0.05 >0.05
30d 0 0.03 >0.05

'Mann-Whitney U test



Study 16

Title: Postoperative pain after root
canal filling with different endodon-
tic sealers: a randomized clinical trial

Authors: Ferreira NS, Gollo EKF,
Boscato N, Arias A, Silva EIJNLD
Published in: Braz Oral Res.
2020;34:e069.

Methods: This study investigated
postoperative pain and analgesic
consumption following root canal
treatment using three sealers: AH
Plus® EndoFill (Dentsply, Petrépolis
Ind. e Com., Rio de Janeiro, Brazil),
and MTA Fillapex (Angelus, Londrina,

Figure 5:

Postoperative pain severity over
time in teeth treated with AH
Plus® EndoFill, and MTA Fillapex.
No significant differences between
sealers (Chi-square test).

Brazil). A total of 60 teeth were trea-
ted (N=20 per group) using Wave-
One® Gold files (Dentsply Maillefer,
Ballaigues, Switzerland) under 2.5%
sodium hypochlorite irrigation. Ob-
turation was performed using the
single cone and vertical compaction
technique. The pain levels were re-
corded via a pain intensity on a scale
from 1to 4 at 24 hours, 48 hours, and
7 days post-treatment.

Results: Overall, most patients re-
ported no pain or only slight pain
across all groups. For AH Plus®, 85%
of patients reported no pain on the
first 24h and 95% of them had no

pain 48h after treatment. For Endo-
Fill, 95% of patients had no pain at
24h and 48h. For MTA Fillapex, 85%
of patients presented no pain at 24h
and 48h. Seven days after the treat-
ment, no pain was reported by all
patients (Figure 5). No significant
differences were observed among
the groups regarding postoperative
pain incidence or intensity, nor in
analgesic use. The study concluded
that AH Plus®, EndoFill, and MTA Fil-
lapex resulted in similar outcomes
regarding postoperative pain and
analgesic intake [21].
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Study 17

Title: Influence of sonic activation
of epoxy-resin and calcium silicate
sealer on postoperative pain: a pa-
tient-blinded, parallel group, rando-
mized clinical trial.
Authors: Yilmaz K, Sari M.
Published in: BMC Oral
2024 Oct 23;24(1):71268.

Health.

Methods: This study aimed to compa-
re postoperative pain after single-visit
root canal treatments (RCT) using two
types of sealers — epoxy-resin-based
AH Plus® and calcium silicate-based
Endosequence BC sealer (Brasseler,
Savannah, GA, USA) — with or without

Study 18

Title: The effect of two calcium silica-
te-based and one epoxy resin-based
root canal sealer on postoperative
pain: a randomized controlled trial
Authors: Aslan T, Donmez Ozkan H.
Published in: Int Endod J. 2021
Feb;54(2):190-197.

Methods: This study aimed to com-
pare the postoperative pain levels
following single-visit root canal
treatments using two calcium sili-
cate-based sealers (Endoseal MTA
(Maruchi, Wonju, South Korea) and

sonic activation. A total of 72 patients
were included (18 per group), all of
whom had asymptomatic apical pe-
riodontitis in mandibular premolars.
Obturation was performed using sin-
gle conetechnique. Amaster conewas
coated with the sealer and inserted in
the canal for AH Plus®, whereas Endo-
sequence BC sealer was directly injec-
ted in the canal and the gutta-percha
was inserted after. The postoperative
pain levels were recorded on days 1, 2,
3, and 7 using a numeric rating scale
(NRS) ranging from O (no pain) to 10
(worst pain). Pain intensity was cate-
gorized as none, mild, moderate, or
severe. Additionally, analgesic intake
was recorded.

EndoSequence BC sealer (Brasseler,
Savannah, GA, USA)) and one epoxy r
esin-based sealer (AH Plus®). A total
of 90 patients diagnosed with man-
dibular first or second molars with
asymptomatic irreversible pulpitis
were divided into three groups of 30
based on the sealer used. Root canals
were instrumented with Reciproc
files (VDW, Munich, Germany), irriga-
ted with 5% sodium hypochlorite and
17% EDTA, and obturated using the
single cone technique. The sealers
were applied using paper points and
then a single tapered gutta-percha
was adapted to the root canal. Post-

Results: The results showed no statis-
tically significant differences in post-
operative pain scores or analgesic
consumption between the two sealers
(AH Plus® vs. Endosequence BC sealer)
or between the sonic activation and
non-activation groups (p>0.05). The
highest incidence of moderate pain
occurred at 24 hours, but no patients
required analgesics after 24 hours. By
48 hours, no patients reported pain.
Both AH Plus® and Endosequence BC
sealers led to similar levels of postope-
rative pain, and sonic activation did
not influence pain outcomes [22].

operative pain was assessed using a
Visual Analog Scale (VAS) at multiple
time points: 6,12, 24, 48, 72 hours, and
7 days.

Results: The study found that pain in-
tensity peaked at 6 hours and signifi-
cantly decreased after 12 hours across
all groups. No significant differences
in pain levels or analgesic intake were
observed between the groups at any
time point. Overall, all three sealers
resulted in similar postoperative pain
levels, with no pain reported by 24
hours post-treatment [23].



Study 19

Title: Assessment of Extrusion and
Postoperative Pain of a Bioceramic
and Resin-Based Root Canal Sealer.
Authors: Fonseca B, Coelho MS,
Bueno CEDS, Fontana CE, Martin
AS, Rocha DGP.
Published in:

Jul13(3):343-348.

Eur J Dent. 2019

Methods: This study compared the
extrusion rates and postoperative
pain associated with a bioceramic
sealer (Sealer Plus BC (MKLife Me-
dical and Dental Products, Porto
Alegre, Brazil)) and a resin-based
sealer (AH Plus®) in patients under-

Figure 6:

Pain incidence over time in the
study by Fonseca, Coelho (24). The-
re were no statistically significant
differences between sealers.

going endodontic treatment for
pulpal necrosis in single-rooted ma-
xillary anterior teeth. A total of 64
patients were included, with 32 in
each group. Root canal treatments
were performed using Reciproc file
system (VDW, Munich, Germany),
under 2.5% sodium hypochlorite
irrigation and 17% EDTA. For obtu-
ration, AH Plus® was applied with
a lentulo and Sealer Plus BC was
inserted with a syringe. The root
canals were obturated using single
cone technique. Pain and sealer ex-
trusion were evaluated at 24 hours,
48 hours, 72 hours, and one-week
post-treatment using a Visual Ana-
log Scale (VAS).

I}
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Results: Results showed that the
Sealer Plus BC had a significantly
higher extrusion rate (59.37%) com-
pared to the resin-based sealer
(28.12%) (p<0.05). However, there
was no correlation between sealer
extrusion and postoperative pain
levels for either group. After 24
hours, 53.13% of patients in the AH
Plus® group reported no pain, while
65.63% in the Sealer Plus BC group
reported the same (Figure 6). By 48
hours, no pain was reported in ei-
ther group (Figure 6). Overall, both
sealers demonstrated similar levels
of postoperative pain and analgesic
intake [24].
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Study 20

Title: The effect of bioactive glass-
based, bioceramic based and epoxy
amine resin-based root canal sealers
on post-obturation pain: A double
blinded randomized controlled trial.

Authors: Nagpal R, Taneja S, Bhalla
VK.

Published in: J Conserv Dent Endod.
2024 Jun;27(6):591-597.

Methods: This study aimed to com-
pare the effects of two calcium si-
licate-based sealers (Bio-C Sealer
lon+ (Angelus, Londrina, PR, Brazil)
and Nishika Canal Sealer BG (Nippon
Shika Yakuhin Co., Ltd.,, Yamaguchi,
Japan)) and one epoxy resin-based
sealer (AH Plus®) on postoperative

@ Take home message

pain and analgesic intake following
single-visit root canal treatment. In
this study, 29 patients with sympto-
matic irreversible pulpitis and sym-
ptomatic apical periodontitis were
included in each of the three groups
(29 per group). Canals were instru-
mented with Protaper Gold® file sys-
tem (Dentsply Maillefer, Ballaigues,
Switzerland) and irrigated with 2.5%
sodium hypochlorite and 17% EDTA.
After applying the sealers to the mas-
ter gutta-percha cone, root canals
were obturated using single cone
technigue. Postoperative pain was
assessed using a Visual Analog Scale
(VAS) at 6 hours, 24 hours, 48 hours,
5 days, and 7 days after the treat-
ment.

Results: The results indicated that
Bio-C Sealer lon+ had the lowest
pain scores, followed by Nishika
Canal Sealer BG and AH Plus®, with
significant differences in pain levels
at 6 hours (p<0.001) and 24 hours
(p=0.028). No significant differences
were observed at 48 hours, 5 days, or 7
days. Bio-C Sealer lon+ group required
significantlylessanalgesicintake com-
pared to the other groups (p=0.022).
In summary, calcium silicate-based
sealers resulted in significantly lower
levels of postoperative pain compared
to the epoxy resin-based AH Plus® at
the 6-hour and 24-hour intervals, whi-
le the analgesic intake was also lower
for the Bio-C Sealer lon+ group. No
pain was reported after 5 days for any
of the sealers [25].

In single cone obturation, AH Plus® was associated with mild to moderate pain that decreased after 48 hours.

In most cases, analgesic intake was not associated with the use of AH Plus®. There was no difference in pain
intensity in comparison with bioceramic and zinc-oxide and eugenol-based sealers in most studies.




e. Non-specified obturation techni-
ques

Study 21

Title: Postobturation Pain Associa-
ted with Tricalcium Silicate and Re-
sin-based Sealer Techniques: A Ran-
domized Clinical Trial

Authors: Tan HSG, Lim KC, Lui IN,
Lai WMC, Yu VSH.
Published in: J
Feb;47(2)169-177.

Endod. 2021

Methods: This study examined the
incidence and intensity of post-ob-
turation pain associated with two
sealers — AH Plus® and TotalFill BC
sealer (FKG Dentaire SA, La Chaux-de-

Fonds, Switzerland) — over a period
of 7 days. This trial included 83 teeth
in the AH Plus® group and 80 in the
TotalFill BC group. The included teeth
were either vital, nonvital, or previ-
ously root filled. Most treatments
were performed over two visits, with
root canal instrumentation using
nickel-titanium rotary files and irri-
gation with 1.25% sodium hypochlo-
rite and 17% EDTA. Pain severity was
recorded at 24 hours, 72 hours, and
7 days post-treatment using a 5-point
Likert scale.

Results: A total of 19.3% of patients
experienced pain 24 h after the treat-
ment, decreasing to 9.6% at 72 h with
AH Plus®. For TotalFill BC sealer, pain

was reported by 22.5% of patients at
24 h and by 10.0% at 72h. About 96.4%
and 92.5% of patients treated with AH
Plus® and TotalFill BC sealer reported
no pain 7 days after treatment, re-
spectively. There was no significant
difference in pain incidence nor se-
verity between the two groups. Fac-
tors such as preoperative pain sever-
ity, pulp status, and sonic activation
during treatment were identified as
potential prognostic indicators for
post-obturation pain. In sum, the in-
cidence of post-obturation pain was
mild and similar across both sealing
materials, indicating that the choice
of sealer did not significantly affect
pain outcomes following root canal
treatment [26].
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Study 22

Title: Comparative evaluation of the
effect of calcium silicate and epoxy
resin-based root canal sealers on
postoperative pain in patients with
primary endodontic lesion: A rando-
mized clinical studly.

Authors: Supreet K, Kishan KV, Shah
NC, Shah R, Shroff MG, Volety S.
Published in: J Conserv Dent. 2023
Mar-Apr;26(2):194-198.

Methods: This study aimed to com-
pare postoperative pain severity bet-
ween a bioceramic sealer (Nishika
canal sealer BG (Nippon Shika Ya-
kuhin Co., Ltd., Yamaguchi, Japan))
and an epoxy resin-based sealer (AH
Plus®) in patients with primary endo-
dontic lesions. A total of 40 healthy
individual with asymptomatic necro-
tic pulp in first and second molars
were included. The root canal treat-
ments were performed in two visits,
using Hyflex CM files (Coltene-Wha-
ledent, Altstatten, Switzerland), and
irrigating with 2.5% NaOCI and 17%
EDTA. Pain was assessed at 24 hours,
48 hours, and 7 days post-obturation
using a Visual Analog Scale (VAS).

Results: Approximately 55% of AH
Plus® patients reported pain after 24
hours versus 20% for Nishika Canal
Sealer BG. Pain Incidence decrea-
sed over time for both groups, and,
after 48 hours, no patients in the AH
Plus® group reported pain. However,
the Nishika BG group experienced
significantly lower pain scores at
the 24-hour mark (p=0.022) compa-
red to AH Plus®, though there were
no significant differences at the 48-
hour and 7-day assessments (Figure
7). By day 7, neither group reported
pain. In conclusion, while Nishika ca-
nal sealer BG led to significantly less
pain than AH Plus® at 24 hours, both
sealers showed similar outcomes in
terms of postoperative pain at later
time points [27].



Figure 7:
Pain incidence over time for AH Plus® and Nishika Canal Sealer BG.
* - significant differences between the sealers (Chi-square test, p=0.022).
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Conclusion: From the 22 studies included in this chapter, the reported findings do not indicate a significant
post-operative difference between AH Plus® and other sealers, nor does it suggest that the obturation techni-
que influences post-operative pain. Independently of the obturation technique or sealer, pain seems to signifi-
cantly decrease after 48h to 72h, with most patients experiencing little to no pain after 7 days.
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2. Clinical and radiographic success

The evaluation of the clinical and ra-
diographic success of endodontic
primary and secondary treatments is
vital to ensure that the treatment is
effectively solving the infection, hea-
ling the periapical lesion and preser-
ving tooth function. Twenty-four of
the included studies evaluated the
clinical and radiographic healing of
the lesion. The studies that evalua-
ted clinical parameters included cri-
teria such as the absence/presence

of spontaneous pain, swelling, ten-
derness to percussion and palpation,
and the periodontal probing depth.
The studies that included a radiogra-
phic evaluation measured the area
of periapical lesion before and after
treatment, presence/absence of pe-
riapical lesion, the periapical index
(PAl) (scored from 1to 5), and presen-
ce/absence of sealer extrusion. The
success rate of the treatmentswas
also presented and authors often
considered the tooth as healed (the
periapical lesion completely disap-

peared in the radiograph/no clinical
symptoms), healing (the periapical
lesion showed a reduction in the
size of the lesion without complete
disappearance in the radiograph; no
clinical symptoms), or non-healing
(the periapical lesion size remained
or increased after treatment in the ra-
diograph; and/or clinical symptomes).
Some of the articles featured in this
section can also be found in the pre-
vious section since they also address
postoperative pain measurement
(studies 4, 9,10, 11, 13, 14, and 15).

Table 4:
Mean size and standard deviation (in mm?) of the periapical lesion over time for the different sealers.
Sealer Time Mean*SD (mm?) p-value'?
Tubli-Seal Baseline 15.25+13.52 0.001
1T month 13.72+13.67
3 months 10.44+£11.04
6 months 4.33+6.47
AH Plus® Baseline 14.47+11.66 0.001
1 month 11.5+8.87
3 months 8.72+9.05
6 months 2.77+513
BioRoot RCS Baseline 15.35+12.86 0.001
1 month 13.55+13.26
3 months 9.69411.7
6 months 2.55+4 5]

" Friedman’s Two-way Analysis of Variance. ? Intragroup analysis over time.



a. Cold lateral compaction
Study 4*

Title: Comparative evaluation of
postoperative pain and periapical
healing after root canal treatment
using three different base endodon-
tic sealers — A randomized control
clinical trial.

Authors: Khandelwal A, Jose J, Teja
KV, Palanivelu A.

Published in: J Clin Exp Dent. 2022
Feb 1,14(2):e144-e152.

Study 23

Title: Radiographic evaluation of pe-
riapical healing of permanent teeth
with periapical lesions after extrusion
of AH Plus® sealer.

Authors: Sari S, Duruturk L
Published in: Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2007
Sep;104(3):e54-9.

Methods: The study aimed to clini-
cally and radiographically assess the
effects of AH Plus® sealer extrusion
on the healing of teeth with asym-
ptomatic apical periodontitis. The
study comprised 87 participants (49
in the sealer extrusion group and 38
in the control group). The mean age

Methods: For more details, refer to
study 4 on page 10.

Results: There was no difference
in the mean area of periapical lesi-
ons at baseline, but significant re-
ductions were observed after 3 and
6 months for all groups (p=0.001)
(Table 4). BioRoot RCS showed the
best healing, with a mean difference
in the size of periapical lesions from
baseline to 6 months of 12.8 mm?,
compared to 10.92 mm? with Tubli-
Seal and 1.7 mm?2 with AH Plus®

of the patients was 12 years (age ran-
ge: 9-15 years). The obturation tech-
nique used was lateral condensation,
and healing was monitored at 3 and
6 months, 1,2, 3, and 4 years using cli-
nical and radiographic assessments.
The success of treatment was cate-
gorized into three groups: “complete
healing” (no clinical symptoms and
normal periodontal ligament space
on radiographs), “incomplete hea-
ling" (no symptoms but reduction in
lesion size), “no healing” (acute sym-
ptoms or ho change/increase in le-
sion size on radiographs).

Results: At the 4-year follow-up, the
sealer extrusion group had 83.67% of
teeth with complete healing, 816%

*Study also included in the post-obturation pain section

(Table 4). In sum, all sealers im-
proved periapical healing 3 and 6
months after treatment [9].

with incomplete healing, and 8.16%
with no healing. The control group
showed 89.47% complete healing
and 10.53% no healing. The differen-
ce in complete healing between the
two groups was statistically signifi-
cant at the 6-month follow-up, but
not at the 4-year mark. The amount
of extruded sealer material showed
no significant difference in healing
outcomes. The study concluded that
while AH Plus® sealer extrusion does
not prevent periapical healing, it can
delay the healing process, particular-
ly in children. Additionally, resorption
of the extruded material was not ne-
cessary for healing to occur [28].
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Study 24

Title: Apically Extruded Sealers:
Fate and Influence on Treatment
Outcome.

Authors: Ricucci D, Récas IN, Alves
FR, Loghin S, Siqueira JF Jr
Published in: J Endod.
Feb;42(2):243-9.

2016

Table 5:
Periapical resorption rates of
each sealer after 1, 2, and >4 years.

Methods: The study investigated the
outcomes of unintentional extrusions
in root canal treatments using various
sealers. A total of 105 patients with fol-
low-ups at 1, 2, and more than 4 years,
using sealers such as AH Plus® (N=20),
Apexit (lvoclar Vivadent, Schaan, Liech-
tenstein) (N=15), Endomethasone
(Septodont, Saint-Maur-des-Fosses,
France) (N=15), zinc oxide and euge-
nol pulp canal sealer (Sybron Den-
tal, Orange, CA, USA) (PCS; N=28),
zinc oxide and eugenol pulp canal
sealer extended working time (Sy-
bron Dental, Orange, CA, USA) (PCS
EWT; N=21), and Tubli-Seal (Sybron
Dental, Orange, CA, USA) (N=6). Both
vital and necrotic teeth were trea-
ted, using hand instruments and
1% sodium hypochlorite for irrigation.
The results from this study came from
radiographic comparisons, which ap-
plied Strindberg's criteria to evaluate
treatment outcomes based on perio-
dontal health.

1year 2 years >4 years
AH Plus® 71% 5.9% 15%
Apexit 22.2% 0% 33.3%
Endomethasone 22.2% 55.6% 86.7%
PCS 42.9% 52.6% 82.1%
PCS EWT 357% 52.6% 71.4%
Tubli-Seal 100% 100% 100%

Results: The study showed that
100% of teeth without apical perio-
dontitis were classified as healed at
four follow-ups. Among teeth with
apical periodontitis, healing rates
were of 78% for AH Plus® 82% for
Apexit, 89% for Endomethasone,
67% for PCS, 91% for PCS EWT, and
80% for Tubli-Seal. All cases of extru-
sion with Tubli-Seal demonstrated
complete removal of extruded ma-
terial one year after, while PCS and
PCS EWT showed 43% and 36% re-
moval, respectively. At two years, AH
Plus® and Apexit had significantly
lower removal rates compared to
other sealers (p<0.05) (Table 5). Ove-
rall, while not all extruded mate-
rials were completely removed, zinc
oxide-eugenol-based sealers were
removed faster than AH Plus® and
Apexit. The type of extruded sealer
did not significantly affect treat-
ment outcomes if root canals were
adequately treated [29].



Study 25

Title: Comparison between AH Plus®
sealer and total fill bioceramic sealer
performance in previously untreated
and retreatment cases of maxillary
incisors with large-sized periapical
lesion: a randomized controlled trial.
Authors: Wahbi E, Achour H, Alsayed
Tolibah'Y.

Published in: BDJ Open. 2024 Sep
12,10(1):73.

Method: This study aimed to evalua-
te the efficacy of a bioceramic (Total-
Fill BC Sealer (FKG Dentaire SA, La
Chaux-de-Fonds, Switzerland)) sealer
using the single cone technique
(SCT) compared to AH Plus® sealer
applied with the cold lateral conden-
sation technique (LCT) in treating
large periapical lesions (greater than
5 mm) in both untreated and retreat-
ment cases involving maxillary ante-
rior teeth. A total of 41 patients with
60 permanent incisors (30 untrea-
ted and 30 retreated) were included
(N=15 teeth per group). Preoperative
radiographs assessed lesion size and
tooth anatomy. The study measured
the periapical lesion diameter at 6-
and 12-months post-treatment, cate-
gorizing outcomes into four groups:
healed, healing, doubt, and failure,
based on radiographic assessments.

Results: After 6 months, AH Plus® led
to 86.67% healing in untreated cases
and 100% healing/healed cases in
retreatment cases. After 12 months,
healing/healed rates were of 93.34%
for untreated and 100% for retreated
cases. Statistical analyses indicated
no significant differences in apical
lesion sizes or success rates between
the groups at any time point, sug-
gesting that both sealers performed
similarly in promoting healing of pe-
riapical lesions, regardless of whet-
her the teeth were untreated or had
previously undergone endodontic
treatment [30].
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4 Main outcomes from the selected studies

Study 26

Title: Clinical outcome of non-sur-
gical root canal treatment using
different sealers and techniques of
obturation in 237 patients: A retro-
spective study

Authors: Radwanski M, Pietrzycka K,
EyUboglu TF, Ozcan M, Lukomska-
Szymanska M.

Published in: Clin Oral Investig. 2024
Aug 10;28(9):479.

Methods: This retrospective study
aimed to compare the clinical out-
comes of two root canal sealers
(AH Plus® and AH Plus® Biocera-
mic Sealer (Denstply DeTrey GmbH,
Konstanz, Germany)) and three ob-
turation techniques (cold lateral
condensation and continuous wave
compaction with AH Plus®, and sin-
gle cone with AH Plus® Bioceramic
Sealer) in root canal treatments. A
total of 283 teeth were included, with
a minimum follow-up of 6 months
and maximum of 30 months. For re-
treatment cases, the obturation was
first removed using an ultrasonic
tip and HyFlex™ Remover (Coltene-
Whaledent, Altstatten, Switzerland);
then ProTaper Next® (Dentsply Mail-
lefer, Ballaigues, Switzerland) was
used for instrumentation. Irrigation
was done with 5.25% sodium hypo-
chlorite. Success criteria were defi-
ned radiographically using the Pe-
riapical Index (PAl) (scores 1 or 2 as
success and 3 to 5 as failure). Based
on loose criteria, “success” included
all healed and healing teeth, whe-
reas ,failure" included all non-hea-
led teeth. According to strict criteria,
only healed cases were classified as
.success”.

Results: The success rates were si-
milar for both sealers, with AH Plus®
achieving 94.2% and AH Plus® Bio-
ceramic Sealer 94.74% under loose
criteria. Strict criteria showed the
highest success rate for teeth with
vital pulp (96.7%), followed by ne-
crotic (83.1%) and retreated teeth
(82.6%). Cold lateral condensation
(CLC) had a higher success rate
(92.4%) compared to continuous
wave compaction (CWC, 82.0%) and
single cone (SBO, 85.5%). Sealer ex-
trusion was more common in CWC
and SBO compared to CLC and ne-
gatively impacted treatment suc-
cess. Overall, the study concluded
that both sealers had comparable
effectiveness. Factors such as pulp
necrosis, secondary treatment, and
sealer extrusion were identified as
predictors of healing delay and may
contribute to treatment failure [31].



Study 27

Title: Comparative analysis of carrier-
based obturation and lateral com-
paction: a retrospective clinical out-
comes study.

Authors: Hale R, Gatti R, Glickman
GN, Opperman LA.

Published in: Int J Dent.
2012;2012:954675.

Methods: This study compared the
outcomes of primary endodontic
treatment using lateral condensati-
on (LC) and carrier-based obturation
(CBO) techniques. It included 71 pati-
ents, with vital or necrotic teeth, all of
whom had permanent restorations
or full-coverage crowns. The root ca-
nals were cleaned and shaped using
ProFile® instruments (DENTSPLY
Tulsa Dental, Tulsa, OK, USA), and
the obturation was performed with
either LC or CBO and with AH Plus®
sealer. The average follow-up period
was 28 months, with clinical and ra-
diographic assessments conducted
to determine success, defined as the
absence of symptoms and healing or
reduction in periapical radiolucency.

Results: The results showed that the
success rates for the CBO and LC
groups were very similar, with 83%
success in the CBO group and 81%
in the LC group. There was no sig-
nificant difference between the two
techniques (p=0.802). The success
of treatment was significantly as-
sociated with the tooth location in
the arch, with molars having a much
lower success rate (53%) compared to
premolars and anterior teeth (89%)
(p=0.005). Additionally, the LC group
had a higher incidence of voids in
the obturation, though this did not
significantly impact the overall suc-
cess rates. In conclusion, both lateral
condensation and carrier-based ob-
turation techniques yielded similar
success rates [32].
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4 Main outcomes from the selected studies

Table 6:

Summary of the success rates of studies using AH Plus® in obturations with the cold lateral condensation technique.

Author

Number of cases

Number of failu-
res of AH Plus®

Follow-up
period

Success rate of AH Plus®

Success rate of the
competitor

Significant differen-
ces between groups

Khandelwal, Jose (9)  AH Plus® (N=18); - Baseline, 24h,  Reduction of size of lesion observed at 3 and 6 months -
Tubli-Seal (N=18); 48h, 72h, 7d, for all the test groups (p=0.001)
BioRoot RCS (N=18) 1,3and6m
Sari and Duruturk AH Plus® (N=49 in After 4 years 3and6 After 4 years: treatment - More complete
(28) sealer extrusion group,  (extrusion): 4/49 months and was rated as complete hea- healing was observed
N=38in control group)  After 4 years 1,2,3,and 4 ling in 41 canals (83.67%), in the control group
(no extrusion): years incomplete healing in 6 months after treat-
4/38 4 canals (816%), and no ment (p<0.05), but
healing in 4 canals (8.16%) not at any of the other
in the extrusion group. time points.
In the non-extrusion group,
treatment was rated as
complete healing in 34
canals (89.47%) and no hea-
ling in 4 canals (10.53%).
Ricucci, Régas (29) AH Plus® (N=20), Apexit 1year:1in 11 1,2and >4 In teeth without AP:100%  In teeth without AP: No differences in the
(N=15), Endomethasone 2™ year:2in16 years healed after 4 years. 100% healed after 4 years.  outcome between the
(N=15), PCS (N=28), PCS  4"year:4in18 In teeth with AP: 78% In teeth with AP: sealers.
EWT (N=21), Tubli-Seal healed after 4 years. Apexit: 82%, Endometha-
(N=6) sone: 89%, PCS: 67%,
PCS EWT: 91%,
Tubli-Seal: 80%
Wahbi, Achour and 60 permanent incisors st year: Primary 6and12 6 months: Primary treat- 6 months:80.0% healingand  No differences
Alsayed Tolibah (30) divided in 4 groups RCT: 1; Retreat- months ment: 86.67% healing; 133% healed (treatment) and  between sealers.
(N=15 per group): ment: 0 Retreatment: 93.33% hea- 80.0% healing and 6.67%
AH Plus® in retreat- ling and 6.67% healed healed (retreatment)
ment and primary 12 months: Primary treat- 12 months: 73.33% healing
treatment; Total Fill BC ment: 46.67% healing and and 20% healed (treat-
Sealer in retreatment 46.67% healed; ment) and 66.67% healing
and primary treatment Retreatment: 60% healing and 26.67% healed
and 40% healed (retreatment)
Radwanski, AH Plus® (N=207); Loose criteria: 6 months Loose criteria: AH Plus® + Loose criteria: AH Plus® No differences
Pietrzycka (31) AH Plus® Bioceramic 12/207, Cold lateral condensation: Bioceramic + single cone: between sealers.
(N=76) Strict criteria: 94.07% 94.74%
26/207 AH Plus® + Continuous Strict criteria:
wave compaction: 94.38% AH Plus® Bioceramic +
Strict criteria: single cone: 85.53%
AH Plus® + Cold lateral
condensation: 92.37%
AH Plus® + Continuous
wave compaction: 82.02%
Hale, Gatti (32) Lateral condensation: LC: 6/36 Average: A total of 6 teeth were - No differences
N=36; Carrier-based CBO: 7/35 28 months classified as failures in between techniques.

obturation: N=35

the CBO group. A total of
7 teeth were classified as
failures in the LC group.




@ Take home message

AH Plus® shows acceptable performance when used in lateral condensation technique on a similar level to
competitor sealers. Lastly, AH Plus® can be used for lateral condensation for both primary endodontic treat-

ments and retreatments.
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b. Carrier-based obturation
Study 27

Title: Comparative analysis of car-
rier-based obturation and lateral
compaction: a retrospective clinical
outcomes study.

Authors: Hale R, Gatti R, Glickman
GN, Opperman LA.
Published in: Int J Dent.
2012:954675.

2012;

Study 30

Title: Survival and periapical health
after root canal treatment with car-
rier-based root fillings: five-year re-
trospective assessment.

Authors: Pirani C, Friedman S, Gatto
MR, lacono F, Tinarelli V, Gandolfi MG,
Prati C.

Published in: Int Endod J. 2018 Apr;51
Suppl 3:e178-e188.

Methods: For more details, refer to
study 27 on page 35.

Results: The results showed that
the success rates for the CBO and
LC groups were very similar, with
83% success in the CBO group and
81% in the LC group. There was no
significant difference between the
two techniques (p=0.802). The suc-
cess of treatment was significantly
associated with the tooth location in

Methods: This study aimed to eva-
luate the 5-year prognosis of root
canal treatments using Thermafil®
root fillings (Dentsply Tulsa Dental
Specialties, Tulsa, OK, USA), with a
focus on survival rates and periapical
health. The study included 213 teeth
from 94 patients, all of whom had
undergone primary root canal treat-
ment or retreatment with Thermafil®
obturators and AH Plus® sealer. Teeth
with adequate oral hygiene, probing
depth <5 mm, and definitive restora-
tions within 2 weeks post-treatment
were eligible. Clinical and radiogra-
phic assessments were made over
a 5-year period, focusing on signs of
infection (pain, swelling, sinus tract,
tenderness) and periapical healing
using PAI scores. Root filling length
and voids in the obturation were also
assessed.

the arch, with molars having a much
lower success rate (53%) compa-
red to premolars and anterior teeth
(89%) (p=0.005). Additionally, the LC
group had a higher incidence of vo-
ids in the obturation, though this did
not significantly impact the overall
success rates. In conclusion, both
lateral condensation and carrier-ba-
sed obturation techniques yielded
similar success rates [32].

Results: Of the 213 treated teeth, 193
(91%) were included in the analysis,
with 164 teeth (85%) classified as
,healthy' and 29 teeth (15%) showing
persistent infection. Factors signifi-
cantly associated with ,healthy’ sta-
tus included preoperative pulpal/
periapical diagnosis, PAI score, and
adequate root filling length. The type
of coronal restoration, tooth location,
and use of posts had no significant
effect on the outcome. Multilevel
analysis showed that the PAI score
was the only predictor of periapical
health (p=0.032). The 5-year survival
and health outcomes for Thermafil®
root-filled teeth were comparable to
those reported for conventional root
fillings, supporting the clinical use of
Thermafil® as an effective root filling
material [33].



Table 7:

Summary of the success rates of studies using AH Plus® in obturations with the carrier-based obturation technique.

Author Number of cases

Number of failu-
res of AH Plus®

Follow-up
period

Differences
between groups

Success rate of AH Plus® Success rate of

the competitor

Hale, Gatti (32) Lateral condensation LC: 6/36 Average: A total of 6 teeth were classified as failures - No difference
(LC): N=36; Carrier-ba- CBO: 7/35 28 months  in the CBO group. A total of 7 teeth were between techniques.
sed obturation (CBO): classified as failures in the LC group.
N=35

Pirani, Friedman (33) AH Plus® (N=213) 29/193 5+] years A total of 193 of 213 teeth (91%) observed - -

for the period of 51years were included
in the statistical analysis, with 164 of 193
teeth (85%) clinically and radiographically
assessed as ‘healthy’ and 29 of 193 teeth
(15%) assessed as ‘diseased’ because of
persistent endodontic infection.

@ Take home message

AH Plus® presented long-term favorable success rates when used in carrier-based obturation techniques.
Factors such as the periapical condition before the treatment seem to negatively impact the treatment out-

comes.
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c. Warm obturation
(without a carrier)

Study 9*

Title: Comparative evaluation of pain,
tenderness and swelling followed by
radiographic evaluation of periapical
changes at various intervals of time
following single and multiple visit
endodontic therapy: an in vivo study.
Authors: Prashanth MB, Tavane PN,
Abraham S, Chacko L.

Published in: J Contemp Dent Pract.
2011 May 1;12(3):187-91.

Study 10*

Title: The efficacy of 3 root canal
sealers combined with warm gutta-
percha vertical compression techni-
gue in the treatment of dental pulp
disease.

Authors: Li W, Ju B, Cheng G, Lv Z.
Published in: Medicine (Baltimore).
2024 Jun 14;103(24):e38414.

Methods: For more details, refer to
study 9 on page 15.

Results: There were no significant
differences in postoperative pain,
tenderness, or swelling between the
single-visit and multiple-visit treat-
ment groups. Radiographic eva-
luation also showed no differences
between the groups in terms of pe-
riapical healing or lesion resolution.
In conclusion, there was no signifi-
cant difference between single-visit
and multiple-visit endodontic thera-
py, regardless of whether the teeth

Methods: For more details, refer to
study 10 on page 16.

Results: After 6 months, the efficacy
rate for iRoot SP was 96.67%, for Gut-
taFlow was 90.00% and for AH Plus®
was 81.67% (p<0.05 versus iRoot SP).
The average filling times were sig-
nificantly longer for AH Plus® (78.95
seconds) compared to GuttaFlow
(37.26 seconds) and iRoot SP (36.89

*Study also included in the post-obturation pain section

were vital or nonvital [14].

seconds). IL-6 and TNF-a levels signi-
ficantly decreased in all groups post-
treatment, but AH Plus® exhibited
higher levels compared to the other
sealers. The study concluded that
iRoot SP and GuttaFlow were more
effective than AH Plus® in achieving
apical closure, reducing filling time,
and minimizing postoperative pain
and inflammation [15].



Study 11*

Title: Clinical Efficacy of Sealer-based
Obturation Using Calcium Silicate
Sealers: A Randomized Clinical Trial
Authors: Kim JH, Cho SY, Choi VY, Kim
DH, Shin SJ, Jung IVY.
Published in: J
Feb:48(2):144-151.

Endod. 2022

Study 29

Title: Outcome of Root Canal Treat-
ments Using a New Calcium Silicate
Root Canal Sealer: A Non-Randomi-
zed Clinical Trial.

Authors: Zavattini A, Knight A, Foschi
F, Mannocci F.

Published in: J Clin Med. 2020 Mar
13;,9(3):782.

Methods: For more details, refer to
study 11 on page 17.

Results: Both techniques presented
similar success rates: 92.3% for AH
Plus® (CWC) and 94.3% for Endoseal
TCS (SBO) based on loose criteria.
Strict criteria showed 51.3% success
rate for AH Plus® and 71.4% for Endo-

Methods: This study compared the
success rates of root canal treat-
ments using two different sealing
methods: calcium silicate sealer (Bio-
Root RCS (Septodont, Saint Maur
Des Fosses, France)) with single cone
technique versus epoxy-resin-based
cement (AH Plus®) with warm verti-
cal condensation. A total of 63 teeth
with irreversible pulpitis or necrotic
pulp were treated with each sealer
(N=126 teeth). Treatments were per-
formed in a single visit, with root ca-
nal preparation done using Protaper
Next® (Dentsply Maillefer, Ballaigues,
Switzerland) and 2% sodium hypo-
chlorite irrigation. Success was eva-

seal TCS [16].

luated through clinical assessments
and radiographic analysis after 12
months, with criteria based on func-
tional status and periapical radiolu-
cency changes.

Results: The success rate for the AH
Plus®/warm vertical condensation
group was 80% using cone beam
computerized tomography (CBCT)
and 89% with periapical radiographs.
For the BioRoot RCS/single cone
group, the rates were 84% (CBCT)
and 90% (radiographs). Overall, both
sealers were equally effective in root
canal treatments [34].
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Study 30

Title: Outcome of root canal treat-
ment using warm vertical compacti-
on with bioceramic and resin-based
sealers: A randomized clinical trial
Authors: Hu J, Zhu Y, Deng S, Wang
Z, He F

Published in: Aust Endod J. 2023
Sep;49 Suppl 1:170-178.

Methods: This study compared the
effects of a bioceramic sealer (iRoot
SP (Innovative BioCeramix Inc., Van-
couver, Canada)) and a resin-ba-
sed sealer (AH Plus®) on root canal
treatment outcomes over a two-ye-
ar follow-up period. It included 76
teeth with irreversible pulpitis or
necrotic pulp. The treatments were
done using Protaper® files (Dentsply
Maillefer, Ballaigues, Switzerland), ir-
rigation with 3% sodium hypochlori-
te and 17% EDTA, followed by warm
vertical compaction technique for
obturation. Outcomes were assessed
clinically and radiographically at 6,12,
and 24 months using the periapical
index (PAI) to classify success (asym-
ptomatic teeth with PAl scores of 1-2)
or failure (symptomatic teeth with
3-5 PAl scores).

Results: Results showed success
rates of 85% for the iRoot SP group,
and 88.2% for the AH Plus® group at
24 months after treatment. No signi-
ficant differences between the two
groups were observed in any of the
time points. AH Plus® exhibited a hig-
her rate of sealer extrusion (44.2%)
compared to iRoot SP (16.5%). Over-
all, iRoot SP demonstrated compara-
ble clinical success and radiographic
outcomes to AH Plus® over the two
years [35].



Study 31

Title: Clinical and Patient-cente-
red Outcomes of Nonsurgical Root
Canal Retreatment in First Molars
Using Contemporary Techniques.
Authors: He J, White RK, White CA,
Schweitzer JL, Woodmansey KF
Published in: J Endod.
Feb;43(2):231-237.

2017

Methods: The study aimed to eva-
luate the outcomes of nonsurgi-
cal endodontic retreatment in first
molars using contemporary tech-
niques. The included patients had
previously undergone endodontic
treatment for maxillary or mandibu-
lar first molars. The study compared
two groups: 22 teeth treated with
AH Plus®gutta-percha and 30 with
Resilon (Pentron Clinical Technolo-
gies, Wallingford, CT, USA)/RealSeal
(SybronEndo, Orange, CA, USA). Re-
treatments were performed over 2-3
visits, during which previous obtura-
tion materials and root canal obst-
ructions were removed using heat,
solvents, hand files, rotary files, and
ultrasonic instruments. Irrigation
involved 5.25% sodium hypochlori-
te and 17% EDTA, followed by warm
vertical compaction with the cho-
sen materials. Outcomes were clas-
sified into three categories: ,healed"
(absence of symptoms and normal
periapical tissue), ,healing” (no sym-
ptoms but with reduced periapical
radiolucency), and ,nonhealing”
(presence of symptoms or unchan-
ged/enlarged radiolucency).

Results: The success rate after two
years was 90.9% for AH Plus® and
90.0% for Resilon, while the healed
rate was 81.8% and 63.3%, respecti-
vely. No statistically significant dif-
ferences in success or healing rates
were found based on patient fac-
tors such as age, sex, or lesion size,
and the type of sealer did not affect
outcomes. Additionally, both overall
health-related quality of life (OH-
QOL) and subjective chewing abili-
ty significantly improved over time
(p<0.05). The study concluded that
endodontic retreatment using con-
temporary techniques resulted in a
high success rate and significantly
enhanced the quality of life of pa-
tients and their chewing ability [36].
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Study 32

Title: The Effect of Unintentional
AH-Plus Sealer Extrusion on Reso-
lution of Apical Periodontitis After
Root Canal Treatment and Retreat-
ment-A Retrospective Case-control
Study.

Authors: Martins JFB, Scheeren B,
van der Waal SV
Published in: J
Oct;49(10):1262-1268.

Endod. 2023

Methods: The study aimed to inves-
tigate the impact of unintentional
extrusion of AH Plus® sealer on the
outcomes of nonsurgical root canal
treatment and retreatment in teeth
with apical periodontitis (AP). The
study included 120 patients divided
into two groups: 60 with sealer ex-
trusion and 60 without. Both groups
consisted of single- and multi-roo-
ted teeth diagnosed with sympto-
matic or asymptomatic AP, treated
with gutta-percha and AH Plus®.
Treatments involved either a single
visit or multiple visits for complex
cases, using various rotary systems
for canal preparation and sodium
hypochlorite and EDTA for irrigati-
on, without intracanal medications.
Outcomes were evaluated clinically
and radiographically after one year,
with success defined by criteria
such as absence of pain, no signs of
infection, and the size of the periapi-
cal lesion.

Results: Results showed that 46.7%
of cases were classified as healed,
38.3% as healing, 8.3% as uncertain,
and 6.7% as non-healing. Overall,
85% of cases had favorable outco-
mes, with initial root canal treat-
ments achieving a 95.8% success
rate compared to 73.5% for non-
surgical retreatments. Importantly,
the presence of AH Plus® sealer ex-
trusion did not significantly affect
treatment outcomes. No preopera-
tive factors, including sex, age, tooth
type, or location, were found to in-
fluence the results significantly. The
study concluded that while sealer
extrusion does not directly impact
the outcome, it may contribute to
delays in healing, as indicated by a
10% difference in healing rates bet-
ween the groups [37].



Study 33

Title: Efficacy and retrievability of
root canal filling using calcium sili-
cate-based and epoxy resin-based
root canal sealers with matched ob-
turation techniques.

Authors: Kim SR, Kwak SW, Lee JK,
Goo H3J, Ha JH, Kim HC.

Published in: Aust Endod J. 2019
Dec;45(3):337-345.

Methods: The aim of this study was
to compare the efficiency of two
root canal filling procedures: one
using a calcium silicate-based sealer
(EndoSeal MTA (Maruchi, Wonju,
South Korea)) combined with the
single cone technique (SCT), and the
other using the continuous-wave
compaction technique with AH Plus®
sealer. It involved 43 patients dia-
gnosed with irreversible pulpitis
and/or apical periodontitis. The
treatments required at least two
visits, and instrumentation was
done using Protaper® Universal files
(Dentsply Maillefer, Ballaigues, Swit-
zerland). Irrigation was performed
using 5.25% sodium hypochlorite
and 17% EDTA. Post-treatment eva-
|luations focused on the quality of
the filling, including the presence of
voids and apical radiolucency asses-
sed through radiographs.

Results: The study found no sig-
nificant difference in the number
of voids entrapped during obtura-
tion between the two techniques
(p>0.05). Moreover, patients repor-
ted no specific clinical signs or sym-
ptoms following either obturation
technique in the follow-up appo-
intments (1 and 2 months after the
treatment). In addition, SCT with
EndoSeal MTA was noted to signifi-
cantly shorten the filling time com-
pared to the continuous-wave tech-
nigue with AH Plus®. In conclusion,
the use of the calcium silicate-based
sealer with the SCT provided similar
clinical efficiencies to the continu-
ous-wave compaction technique
using AH Plus®, indicating that both
methods are viable options for root
canal filling in mature permanent
teeth [38].
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Table 8:

Summary of the success rates of the studies using AH Plus® in obturations with warm obturation non-carrier-
based techniques.

Author

Number of cases

Number of failures
of AH Plus®

Follow-up

period

Success rate of AH Plus®

Success rate of
the competitor

Differences
between groups

Prashanth, Tavane AH Plus® (N=8 per - 48h,1, 4 and - - -
(14) group) 6 weeks
Li, Ju (15) AH Plus® (N=60); 6 months: 11 1 week, 81.67% Gutta Flow: Differences
GuttaFlow (N=60); 6 months 90.00%; iRoot: between AH Plus®
iRoot SP (N=60) 96.67% and iRoot (p<0.05).
Kim, Cho (16) AH Plus® (N=39); 6 months: 3 4h, 24h, and Loose criteria: 92.3%; Loose criteria: No differences
Endoseal TCS 48h; 6 months Strict criteria: 51.3% 94.3%; between sealers.
(N=35) (radiographic Strict criteria:
evaluation) 71.4%
Zavattini, Knight (34) AH Plus® (N=51); Cone beam com- 12 months CBCT:80%; CBCT:84%; No differences
BioRoot RCS puted tomography PA: 89% PA:90% between sealers.
(N=53) (CBCT):10
Periapical radio-
graph (PA): 6
Hu, Zhu (35) AH Plus® (N=33); 1year: 3/27 6,12 and 24 6 months: 82.8% 6 months: 80% No differences
iRoot SP (N=43) 2 years: 3/20 months Tyear: 91.3% 1year: 82.5% between sealers.
2 years: 88.2% 2 years: 85%
He, White (36) AH Plus® (N=22); 24 months: 4/22 6,12,and 24 Success rate after 2 years: 90.9% Success rate after No differences
Resilon/RealSeal (healing criteria) months Healed rate after 2 years: 81.6% 2 years: Resilon: between sealers.
(N=30) 24 months: 2/22 90.0%
(success criteria) Healed rate after
2 years: Resilon:
63.3%
Martins, Scheeren AH Plus® extrusion With extrusion: 7/60 12 months Overall, 46.7% of cases were healed, 38.3% - No differences

and van der Waal (37)

group (N=60)
AH Plus® no
extrusion group
(N=60)

Without extrusion:
9/60

of cases were healing, 8.3% of cases were
uncertain, and 6.7% of cases were non-
healing.

Favorable outcome rate for initial root
canal treatment was 95.8%, whereas for
nonsurgical retreatment it was 73.5%.

between healing
rate in extrusion
and non-extrusion
cases.

Kim, Kwak (38)

AH Plus®(N=21);
EndoSeal MTA
(N=22)

1and 2 months

\oids: 8/53

Voids: 5/50

No significant

difference in the
number of voids
between sealers.

CBCT - Cone beam computed tomography; PA - Periapical radiograph



@ Take home message

When used for warm obturation, AH Plus® presents favourable clinical outcomes both in primary treatments
and retreatments.
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4 Main outcomes from the selected studies

d. Single cone technique
Study 13*

Title: Effect of Endodontic Sealer in
Young Molars Treated by Undergra-
duate Students - A Randomized Cli-
nical Trial

Authors: Cunha SA, Soares CJ, Rosat-
to CMP, Vieira JVSM, Pereira RADS,
Soares PBF, Leles CR, Moura CCGC.
Published in: Braz Dent J. 2020 Nov-
Dec;31(6):589-597.

Study 14*

Title: Pilot Evaluation of Sealer-Ba-
sed Root Canal Obturation Using
Epoxy-Resin-Based and Calcium-Si-
licate-Based Sealers: A Randomized
Clinical Trial.

Authors: Song M, Park MG, Kwak SW,
Kim RH, Ha JH, Kim HC.

Published in: Materials (Basel). 2022
Jul 2515(15):5146.

Methods: For more details, refer to
study 13 on page 19.

Results: There was a high incidence
of apical repair, with 90.5% at one year
and 89.3% at two years. Asymptoma-
tic teeth were reported in 96.8% of
cases after one year and 90.0% after
two years. Failures in apical repair
were linked to unsatisfactory pulpec-
tomy and periapical conditions. The
study concluded that endodontic
treatment in young molars can yi-

Methods: For more details, refer to
study 14 on page 20.

Results: Results showed no signifi-
cant differences among the sealers
regarding voids, sealer extrusion,
or postoperative pain levels. All ca-
ses remained successful up to three
months (except for one case with Ad-
seal), with Adseal showing the most
regression in periapical radiolucency.

*Study also included in the post-obturation pain section

eld satisfactory outcomes after two
years, effectively preventing the loss
of permanent teeth, with initial con-
ditions being crucial for apical repair
success [18].

Overall, the study found that on short
term all sealers performed similarly
regarding postoperative pain and ef-
fectiveness [19].



Study 15*

Title: The effect of two different root
canal sealers on treatment outcome
and post-obturation pain in single-
visit root canal treatment: A prospec-
tive randomized clinical trial
Authors: Cosar M, Kandemir Demirci
G, Caliskan MK.

Published in: Int Endod J. 2023
Mar;56(3):318-330

Study 34

Title: Endodontic Outcome of Root
Canal Treatment Using Different
Obturation Techniques: A Clinical
Study.

Authors: Winkler A, Adler P, Ludwig
J, Hofmann N, Soliman S, Krastl G,
Krug R.

Published in: Dent J (Basel). 2023
Aug 21;11(8):200.

Methods: For more details, refer to
study 15 on page 21.

Results: The success rates were
similar for both sealers: 90.9% at 12
months and 88.6% at 24 months,
with no significant differences in
treatment outcomes (p>0.05) [20].

Methods: This study evaluated the
clinical outcomes of root canal treat-
ment using three obturation techni-
ques: continuous wave condensation
with Resilon (CWR, Resilon Research
LLC, Madison, CT, USA) (N=64 teeth),
a single gutta-percha cone with
AH Plus® (N=40 teeth), and a single
gutta-percha cone with GuttaFlow
(Coltene Whaledent GmBH + Co KG,
Langenau, Switzerland) (N=10 teeth).
The study included records from
patients treated between 2009 and
2012, with a mean follow-up period of
6.26 years. The success of treatment
was assessed using the Periapical In-
dex (PAl), categorizing scores of 1 or
2 as successes and 3 to 5 as failures.

*Study also included in the post-obturation pain section

Results: The overall success rate
was 75.4%, with the following suc-
cess rates by technique: 85% for
gutta-percha with AH Plus® 80%
for gutta-percha with GuttaFlow,
and 68.7% for CWR. There was no
statistically significant difference in
success rates among the obturation
techniques or between primary and
retreatment cases. Nevertheless,
teeth without preoperative apical le-
sions had a significantly higher suc-
cess rate (90.7%) compared to those
with lesions (66.2%). Other patient-
related factors such as age, gender,
and smoking did not significantly
influence outcomes. Preoperative
periapical status is a key prognostic
factor, while the type of obturation
technique or material had no sig-
nificant impact on the endodontic
outcome [39].
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Table 9:
Summary of the success rates of studies using AH Plus® in obturations with the single cone technique.

Author Number of cases Number of failures of Follow-up Success rate Success rate of Differences
AH Plus® period of AH Plus® the competitor between groups
Cunha, Soares (18) AH Plus (N=35) ; Sealer 26 (N=40) 6 (after 2 years; failures 12 and 24 1year: apical repair was 90.5% (n=57);
of both AH Plus and months 2 years: apical repair was 89.3% (n=50)
Sealer 26)
Song, Park (19) AH Plus® (N=16); (o] 7 days, 100% AdSeal: 95.6% No differences
Adseal (N=18); CeraSeal (N=17); 1month, CeraSeal=100% between sealers.
EndoSeal (N=20) 3 months EndoSeal=100%
Cosar, Kandemir AH Plus® (N=44); MTA Fillapex 5 Tand 2 After 1year: 90.9% After 1year: 90.9% No differences
Demirci and (N=44) years After 2 years: 88.6% After 2 years: 88.6% between sealers.
Caliskan (20)
Winkler, Adler (39) Continuous wave condensation 6 6.26 years SCGP - 85.0% CWR -68.7% CWR -68.7%
technique with Resilon (CWR) - (4.65-8.68 SCGF - 80.0% SCGF - 80.0%
64 teeth. years)
AH Plus® + single cone (SCGP) -
40 teeth.
GuttaFlow + single cone (SCGF) -
10 teeth.

@ Take home message

When used in single cone technique, AH Plus® showed high success rates throughout the studies. The ab-
sence of periapical conditions before treatment were highlighted as one of the most important prognostic
factors for the success of the endodontic treatment.




e. Non-specified obturation
techniques

Study 35

Title: Long-term Clinical Outcome of
Teeth Obturated with Resilon
Authors: Barborka BJ, Woodmansey
KF, Glickman GN, Schneiderman E,
He J.

Published in: 3J
Apr;43(4):556-560.

Endod. 2017

Methods: This study compared the
long-term clinical outcomes of teeth
obturated with Resilon (Resilon Re-
search LLC, Madison, CT, USA)/Real-
Seal SE (RS, (SybronEndo, Orange,
CA, USA)) versus gutta-percha and
AH Plus® sealer (GP). The study invol-
ved 100 patients (50 per group), all
of whom had initial root canal treat-
ments completed between 2007 and
2012, using either RS or GP. Inclusion
criteria required preoperative radio-
graphs showing no periapical radiolu-
cency and postoperative radiographs
indicating adequate obturation. The
clinical success was defined as the
absence of signs or symptoms, nor-
mal periapical tissues, and intact
periodontal space, while failure was
marked by clinical signs/symptoms
or the presence of periapical radio-
lucency. The average follow-up was
5.8 years for RS and 6.6 years for GP.

Results: A total of 56% of RS cases
were successful, compared to 88% of
GP cases. The statistical analysis re-
vealed that RS had a 5.7 times higher
likelihood of failure compared to GP
(p<0.001). No significant association
was found between outcomes and
factors such as age, gender, preope-
rative diagnosis, or number of visits.
Failed RS cases were more likely to
involve root resorption and multi-
rooted teeth. Teeth obturated with
Resilon had significantly worse long-
term outcomes compared to those
obturated with gutta-percha and AH
Plus® [40].
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4 Main outcomes from the selected studies

Study 36

Title: Long-term Outcomes of Endo-
dontic Treatment Performed with
Resilon/Epiphany.

Authors: Strange KA, Tawil PZ, Phil-
lips C, Walia HD, Fouad AF
Published in: J Endod.
May;45(5):507-512.

2019

Methods: The study aimed to radio-
graphically evaluate the outcomes of
root canals treated with Resilon (Resi-
lon Research LLC, Madison, CT, USA)/
Epiphany (Pentron Clinical Techno-
logies, Wallingford, CT, USA) compa-
red to gutta-percha with AH Plus®.
The study included 125 patients who
had completed root canal treatment
between August 2004 and August
2013. The analysis included 80 cases
treated with Resilon and 45 with gut-
ta-percha/AH Plus®. The median fol-
low-up period was significantly lon-
ger for Resilon (62.5 months) than for
gutta-percha (26 months, p< 0.0001).
Radiographic assessments were per-
formed using the periapical index
(PAI), categorizing outcomes into ,no
lesion present” (PAI scores of 1and 2)
and ,lesion present” (scores of 3, 4,
and 5).

Results: The healing rates revealed
that 84.4% of teeth treated with AH
Plus® showed no lesions at follow-
up, compared to only 52.2% for Re-
silon (p=0.0004). The presence of a
preoperative lesion and the type of
obturation material were significant
predictors of outcomes. Specifically,
teeth with Resilon were found to be
5.3 times more likely to have a follow-
up lesion compared to those treated
with gutta-percha. This study high-
lights a notable difference in long-
term outcomes between the two
materials [41].



Table 10:
Summoary of the success rates of studies using AH Plus® in obturations, without specifying the technique.

Author Number of cases Number of failu- Follow-up period Success rate Success rate of  Differences
res of AH Plus® of AH Plus® the competitor  between groups
Barborka, AH Plus® (N=50), AH Plus®: 6/50 AH Plus®: 6.6 (+1.6) years; 88% of the GP cases 56% percent of Resilon had a 5.7 times
Woodmansey (40) Resilon/Realseal (N=50) Resilon: 5.8 (+1.1) years were considered RS cases were higher likelihood of failure
successful classified as compared to AH Plus®/
successful gutta-percha (p<0.001).
Strange, Tawil (41) AH Plus®/gutta-percha 625 months (52  Median for AH Plus®: Radiographic healing Radiographic Healing rate of AH Plus®/
(N=45) years): 7/45 26 (IQR=19) months; rate for AH Plus®: 84.4% healing rate for gutta-percha is higher
Resilon (N=80) Median for Resilon= Resilon: 52.2% than Resilon (p=0.0004)

62.5 (IQR=62) months

@ Take home message

AH Plus® demonstrated excellent long-term success rates in comparison to Resilon/Realseal.
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4 Main outcomes from the selected studies

f. Other factors associated with the
success of the treatment and/or
post-obturation pain.

Several studies also examined the
association between various fac-
tors and the outcomes of the inclu-
ded studies. These factors primarily
encompassed patient-related factors
(e.g., age and sex) as well as tooth-

@ Take home message

The evaluation of clinical and radiographic success in endodontic primary and secondary treatments plays a cru-
cial role in determining the effectiveness of the procedure in resolving infection, promoting periapical healing,

and treatment-related factors.
Among the latter, the most studied
factors included tooth position (ante-
rior vs. posterior), arch (maxillary vs.
mandibular), presence of pre-ope-
rative pain, pulp vitality, sealer ex-
trusion, periapical condition prior to
treatment (including the presence
of a lesion), obturation technique,
and whether the case was a retreat-

ment (see Table 11). Of the factors
studied, peri-operative pain (7,12, 26),
pulp status (26, 31, 33), and periapical
condition before treatment (7, 18, 33,
39, 41) were most strongly associated
with the less favourable treatment
outcomes. In contrast, the obtura-
tion technique did not show a signi-
ficant association with the treatment
outcomes (12, 16, 31, 39).

preserving tooth function, and preventing complications. The 22 studies reviewed assessed various clinical para-
meters, alongside radiographic measurements. The results consistently showed similar clinical and radiographic
success rates between AH Plus® and the different sealers used. With AH Plus®, the long-term success rates excee-
ded 80% in most studies, which supports its excellent sealing performance.




Tooth and treatment Patient

Retreat- | Obtura- Periapical | Sealer Pulp Preopera- | Arch Tooth Sex Age Factors
ment tion tech- | condition | extrusion | vitality/ tive pain Position
nique before status
treat-

ment

Arias, 2013 (7)

He, 2017 (36)

Barborka, 2017 (40)

Pirani, 2018 (33)

Graunaite, 2018 (13)

Atav Ates, 2019 (10)

Fonseca, 2019 (24)

Strange, 2019 (41)

Ferreira, 2020 (21)

Zavattini, 2020 (34)

Cunha, 2020 (18)

] ——

Drumond, 2021 (11)

Aslan, 2021 (23)

Martins, 2023 (37)

Winkler, 2023 (39)

Cosar, 2023 (290)

Kim, 2022 (16)

Khandelwal, 2022 (9)

Radwanski, 2024 (31)

Yilmaz, 2024 (22)

Table 11: Il No association observed with pain, analgesic intake, or failure of treatment.
Factors assessed in the studies in Il Factor associated with pain/treatment failure.
relation to the treatment outcome. [ Study associated higher analgesic intake with the factor.



5 Conclusion

AH Plus® has been available on the market for 30 years, and this manual aims to review its evidence-based clinical
success. The 36 clinical studies included in the review encompassed a total of 3407 patients and 3735 treated teeth.
Among the key clinical findings, it is important to highlight the following:

* The use of AH Plus® resulted in

* Mild to moderate post-obturation e The obturation technique did not

pain was observed in some of
the teeth treated with AH Plus®,
which significantly decreased
within the first 48 to 72 hours
post-obturation, with nearly no
pain after 7 days. The use of anal-
gesics was not associated with
the use of AH Plus®. There were
no differences in comparison
to other types of sealers in most
studies. Combined, this further
reinforced the clinical reliability of
AH Plus®.

a high treatment success rate
regardless of the obturation tech-
nique (including single cone ob-
turation) and type of treatment
(primary or secondary). In most
studies, the long-term success
rate exceeded 80%, confirming
the performance, reliability, and
versatility of AH Plus®.

significantly affect the treatment
outcome. However, factors such
as preoperative pain and previ-
ous periapical condition were
associated with treatment out-
comes and were considered im-
portant prognostic indicators.

In sum, the clinical evidence strongly supports the effectiveness and reliability of AH Plus®, demonstrating its
consistent performance across various treatment scenarios.
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