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Introduction: The current study aimed to compare the quality of root canal obturation performed with
cold lateral condensation with other obturation techniques. Materials and Methods: Diverse Search
was conducted using six electronic/academic databases following PICOS (i.e. population, intervention,
control, outcomes, and study design) strategy: (P) Extracted mature permanent teeth; (I) Obturation
techniques except for cold lateral condensation; (C) Cold lateral condensation tyechnique; (O) Quality
of root canal obturation; and (S) In vitro studies assessing parameters using micro-computed
tomography. The statistical method used for the meta-analyses was the “inverse variance DerSimonian-
Laird test”. The heterogeneity data was calculated using the T2, Cochran Q test, and I2 statistics.
Results: Fifteen studies were included for the final analysis; one had a low risk of bias, eight a moderate
risk, and six a high risk of bias. Ten studies were selected for meta-analyses; three studies comparing
cold lateral condensation with carrier-based gutta-percha techniques [P=0.96; mean difference (MD)=-
0.02; confidence interval (CI): (-0.77, 0.73); 12=21%]; three comparing cold lateral condensation with
single-cone techniques [P=0.75; MD=-0.39; CIL: (-2.77, 1.99); 12=92%]; two comparing cold lateral
condensation and thermo-plasticized injectable techniques [P=0.37; MD=5.91; CI: (-7.13,18.94);
12=99%]; and five comparing cold lateral condensation with warm vertical condensation techniques
[P<0.0001; MD=5.29; CI=(2.84, 7.74); 12=92%]. The overall effect reported significant results [P=0.0003;
MD=2.69; CI=(1.23, 4.16); 12=96%]; favoring fewer voids and gaps for the other used obturation
techniques. Conclusions: Cold lateral condensation and single-cone techniques presented no statistical
differences. Nonetheless, Warm vertical condensation technique had better results compared to cold
lateral condensation.

Keywords: Cold Lateral Condensation; Endodontics; Quality of Obturation; Root Canal Obturation;
Systematic Review; Warm Vertical Condensation

Introduction

Root canal treatment eliminates necrotic tissues, bacteria, and
endotoxins and three-dimensionally fills the root canal

material up to the last 1-2 mm of the radiographic apex,
homogeneous obturation, without empty spaces visible on
periapical radiographs or cone-beam computed tomography
(CBCT), is linked to better outcomes [6].

system [1]. Materials used during obturation must fill the root
canal complexities, such as ramifications and isthmi [2], to
prevent bacterial proliferation and migration into the canals and
toward the periodontium [3].

Studies have shown that several aspects can improve
endodontic treatment outcomes [4, 5]. The presence of filling

The presence of gaps (i.e., spaces between the filling
material and the canal walls) and voids (i.e., spaces within the
obturation material) can jeopardize the success of the
endodontic treatment by permitting bacterial movement
toward the major apical foramen or other foramina, potentially
leading to the development or persistence of apical
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periodontitis [7]. Thus, the obturation technique should
promote the adaptation of filling materials to the canal walls
and fill the entire length of the canal [8].

Cold lateral condensation (CLC) is the most frequently
used technique for root canal obturation. However, it has been
reported that this technique is related to poor homogeneous
fillings [9, 10]. In an attempt to optimize the filling of the root
canal, other techniques have been proposed, such as the warm
vertical condensation (WVC) [11, 12], Tagger's hybrid [13, 14],
single-cone (SC) [15, 16], carrier-based gutta-percha [13, 17]
and thermo-plasticized injectable (TI) techniques [12].

The quality of root canal filling has been clinically,
radiographically, or topographically evaluated. More recently,
micro-computed tomography (micro-CT) has been used in
Endodontics to assess the quality of root canal filling in in vitro
studies [18]. Micro-CT allows volumetric quantification of
empty spaces without specimen destruction [19]. Currently,
micro-CT is the most accurate imaging method for evaluating
the quality of obturations in laboratory conditions. [20]

Mainly due to the importance of the quality of root canal
filling for the success of the endodontic treatment and the
availability of several techniques for the same purpose, this
systematic review aimed to address the following question: Is
the CLC as effective as other obturation techniques on the
quality of root canal obturation?

Material and Methods

This systematic review was conducted following Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA)
statement.org). A PROSPERO registration was not achievable

recommendations (http://www.prisma-

since this is a systematic review of in vitro studies.

Search methodology
The literature search was conducted in six electronic databases
and source (MEDLINE/PubMed, Cochrane, Scopus, Web of
Science, EMBASE, and Grey Literature). The search included
articles published until February 2022 without language or year
restriction. The search strategy was developed using Medical
Subject Heading terms and text words, combining the following
"Cold "Cold

non non

Condensation"; "Lateral Condensation"; "Lateral Condensation";

terms: Lateral Condensation"; Lateral

"Warm Vertical Condensation"; "Vertical Condensation";

"Warm Vertical Condensation"”; "Vertical Condensation";

"Single-Cone"; "Carrier-Based"; “Thermoplasticized";

n,on

"Continuous Wave";
Filling";

n,on

Hybrid Tagger";
"Voids"; "Empty  Spaces';

Tagger"; "Root Canal

"Gaps'; "Quality";
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"Microcomputed Tomography"; "Micro-CT"; "MicroCT". The
Boolean operators "AND" and "OR" were applied to combine the
terms and create the search results.

The search strategies for each database and findings are
presented in Table 1. All articles selected were imported into
the Zotero reference manager to catalog references and exclude
duplicates.

Inclusion criteria

The eligibility criteria were performed using the PICOS
strategy (PRISMA-P 2015) [21, 22] following this scheme:

-P: Extracted mature permanent teeth;

-I. Other obturation techniques rather than CLC (i.e., SC,
carrier-based  gutta-percha, TI, continuous
condensation (CWC), hybrid Tagger, and WVC);
-C: CLC technique;

-O: Quality of root canal obturation (volume of filling material,

wave of

presence of voids and/or gaps);
-S: In vitro studies assessing the investigated parameters using
micro-CT.

Exclusion criteria

In vitro studies that evaluated the same parameters on
immature and/or primary teeth, performed root canal
preparation with hand files, and performed root canal filling
using reparative materials (ie. MTA, Biodentine) were
excluded. Studies that did not use Micro-CT to assess the
quality of root canal filling were also excluded.

Selection of studies

Two authors (N.B.A. and G.B.S.) selected studies and
examined the retrieved titles and abstracts. Duplicates were
identified and excluded. The full text was assessed when
judging the studies by title and abstract was impossible. The
next stage consisted of reading the full texts based on the
eligibility criteria through the PICOS strategy. A third
experienced author (T.W.) assessed the study in case of
disagreement on study inclusion.

Synthesizing data

Two authors (N.B.A. and G.B.S.) independently collected the
data from the included studies. Disagreements were solved by
a third author (T.W.). The following data were extracted:
author name(s), year of publication, sample size, group of
teeth, root canal preparation technique, obturation technique,
micro-CT scan parameters, evaluated parameters, outcomes,
and main findings. In cases of missing data, the authors were

contacted by e-mail at least three times.
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Database

MEDLINE/PubMed

Cochrane Library

Scopus

Web of Sciences

EMBASE

Grey Literature

Table 1. Search strategy in each database and source
Search strategy

#1: (((Cold Lateral Compaction) OR (Cold Lateral Condensation)) OR (Lateral Compaction)) OR
(Lateral Condensation)

#2: (((((((((Warm Vertical Compaction) OR (Vertical Compaction)) OR (Warm Vertical
Condensation)) OR (Vertical Condensation)) OR (Single Cone)) OR (Carrier-Based)) OR
(Thermoplasticized)) OR (Continuous Wave)) OR (hybrid Tagger)) OR (Tagger)

#3: ((((Root Canal Filling) OR (Gaps)) OR (Voids)) OR (Empty Spaces)) OR (Quality)

#4: ((Microcomputed tomography) OR (Micro-CT)) OR (MicroCT)

#1 AND #2 AND #3 AND #4

#1: Cold Lateral Compaction OR Cold Lateral Condensation OR Lateral Compaction OR Lateral
Condensation

#2: Warm Vertical Compaction OR Vertical Compaction OR Warm Vertical Condensation OR
Vertical Condensation OR Single Cone OR Carrier-Based OR Thermoplasticized OR Continuous
Wave OR Hybrid Tagger OR Tagger

#3: Root Canal Filling OR Gaps OR Voids OR Empty Spaces OR Quality

#4: Microcomputed Tomography OR Micro-CT OR MicroCT

#1 AND #2 AND #3 AND #4

#1: (TITLE-ABS-KEY (cold AND lateral AND compaction) OR TITLE-ABS-KEY (cold AND lateral
AND condensation) OR TITLE-ABS-KEY (lateral AND compaction) OR TITLE-ABS-KEY (lateral
AND condensation))

#2: (TITLE-ABS-KEY (warm AND vertical AND compaction) OR TITLE-ABS-KEY (vertical AND
compaction) OR TITLE-ABS-KEY (warm AND vertical AND condensation) OR TITLE-ABS-KEY
(vertical AND condensation) OR TITLE-ABS-KEY (single AND cone) OR TITLE-ABS-KEY (carrier-
based) OR TITLE-ABS-KEY (thermoplasticized) OR TITLE-ABS-KEY (continuous AND wave) OR
TITLE-ABS-KEY (hybrid AND tagger) OR TITLE-ABS-KEY (tagger))

#3: (TITLE-ABS-KEY (root AND canal AND filling) OR TITLE-ABS-KEY (gaps) OR TITLE-ABS-
KEY (voids) OR TITLE-ABS-KEY (empty AND spaces) OR TITLE-ABS-KEY (quality))

#4: (TITLE-ABS-KEY (microcomputed AND tomography) OR TITLE-ABS-KEY (micro-ct) OR
TITLE-ABS-KEY (microct))

#1 AND #2 AND #3 AND #4:

#1: TS=(Cold Lateral Compaction OR Cold Lateral Condensation OR Lateral Compaction OR Lateral
Condensation)

#2: TS=(Warm Vertical Compaction OR Vertical Compaction OR Warm Vertical Condensation OR
Vertical Condensation OR Single Cone OR Carrier-Based OR Thermoplasticized OR Continuous
Wave OR Hybrd Tagger OR Tagger)

#3: TS=(Root Canal Filling OR Gaps OR Voids OR Empty Spaces OR Quality)

#4: TS=(Microcomputed Tomography OR Micro-CT OR MicroCT)

#1 AND #2 AND #3 AND #4:

#1: cold AND lateral AND compaction OR (cold AND lateral AND condensation) OR (lateral AND
compaction) OR (lateral AND condensation)

#2: warm AND vertical AND compaction OR (vertical AND compaction) OR (warm AND vertical
AND condensation) OR (vertical AND condensation) OR (single AND cone) OR 'carrier based' OR
thermoplasticized OR (continuous AND wave) OR (hybrid AND tagger) OR tagger

#3: root AND canal AND filling OR gaps OR voids OR (empty AND spaces) OR quality

#4: microcomputed AND tomography OR 'micro ct' OR microct

#1 AND #2 AND #3 AND #4:

#1: Cold Lateral Compaction OR Cold Lateral Condensation OR Lateral Compaction OR Lateral
Condensation

#2: Warm Vertical Compaction OR Vertical Compaction OR Warm Vertical Condensation OR
Vertical Condensation OR Single Cone OR Carrier-Based OR Thermoplasticized OR Continuous
Wave OR Hybrid Tagger OR Tagger

#3: Root Canal Filling OR Gaps OR Voids OR Empty Spaces OR Quality

#4: Microcomputed Tomography OR Micro-CT OR MicroCT

#1 AND #2 AND #3 AND #4:

Findings

3.877

30.703

1.539.030
24.624
32

225
2.169
204.130
345

4

4.321

133.550

5.367.277

21.575
26

2.930

95.660

3.788.079
18.703
28

1.779

29.528

2.352.569
31.663
26

0

=
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Quality assessment

Due to the absence of a specific tool to evaluate the risk of bias
of in vitro studies, the risk of bias of the included studies was
evaluated using an adapted methodology based on previous
systematic reviews [7, 23]. The following parameters were
assessed:

1. Description of sample size calculation;

2. Selection and pairing of samples by micro-CT;

3. Description of micro-CT parameters:

-The following information were considered: Description of the
(kV), (nA),
voxel/pixel size, rotation angle, rotation step, exposure time,

device used, kilovoltage mA/micro-ampere
filters, and/or corrections;

4. Description of obturation technique:

-The following information were considered: Description of the
endodontic sealer, description of the core material, description
of the obturation technique;

5. Blinding of evaluators;

6. Description of statistical analysis.

Each included study was judged with "yes" when parameters
were found and "no" in case of absence. In studies presenting
partial data, authors were contacted at least three times by e-
mail. If data could not be achieved, parameters presenting partial
data were judged as "no". Studies with only one or two
parameters were classified as a high risk of bias, three or four
parameters as a moderate risk of bias, and five or more
parameters as a low risk of bias. Two authors (N.B.A. and G.B.S)
independently evaluated each study's methodological quality,
and a third author (T.W.) validated the analysis.

Meta-analysis

The Review Manager Software (RevMan, Version 5.3, The
Nordic Centre, The
Copenhagen, Denmark, 2014) was used for the meta-analysis,

Cochrane Cochrane Collaboration,

considering a random-effect model. Meta-analyses were
performed for studies that presented data (mean and standard
deviation) on the filling material volume regarding the root canal's
overall volume. Since this is a continuous variable, the effect
measure was the mean difference, and the statistical method was the
inverse variance DerSimonian-Laird test.

Heterogeneity was calculated using the T2, Cochran Q test, and
I2 statistics. An I2 statistic below 30% was considered irrelevant,
between 30% and 60% was regarded as moderate heterogeneity,
between 50% and 75% as substantial heterogeneity, and over 90%
was regarded as considerable heterogeneity [24, 25].

A P-value of less than 5% was considered significant. As for
publication bias, it can be assessed visually by generating funnel plots

when ten or more studies are included in a meta-analysis [26].
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Results

Study Selection

Figure 1 presents the flow diagram of the search strategy. Initial
identification through database searching resulted in 116 studies,
of which 67 were excluded as they were duplicates. From 49
studies, 34 were excluded after the title and abstract reading.
Fifteen records met the inclusion criteria and were selected for
full-text reading [3, 4, 12-16, 18, 27-33]. Of these studies, all were
included in the present systematic review.

Data extraction
Table 2 presents the characteristics and main findings of the
included studies.

The corresponding authors of the studies presenting
insufficient data were contacted by e-mail, but no additional
information was obtained.

Regarding teeth evaluated, four studies performed their
evaluations on mandibular molars [14, 15, 18, 33]; one on
maxillary molars [12]; three studies on mandibular premolars [16,
28, 32]; one study on maxillary premolars [29]; and three studies
on premolars without specifying [3, 4, 27]; one study evaluated
mandibular and maxillary canines [31]; one study used
mandibular incisors [14]; and one study performed their
evaluations on a group of teeth-mandibular molars, premolars
and canines [30].

Regarding the instruments used for root canal preparation,
three studies used instruments with a #25 tip diameter ProTaper
Next (Dentsply Maillefer, Ballaigues, Switzerland) #25.06 [15],
Revo-S rotary files (MicroMega,

Cedex, Besancon, France) #25.06 [29, 33]; four studies used
instruments up to a #30 tip diameter ProTaper #30.09 [12, 13, 28,
32], one study up to a #35 tip diameter ProFile (Dentsply Tulsa
Dental, Tulsa, OK, USA) #35.04 [30]; five studies prepared up to
a #40 tip diameter Endosequence (Brasseler, Savannah, GA, USA)
[16] #40.06 [27], Vortex Blue (Dentsply Sirona, Ballaigues,
Switzerland) #40.04 [4], MTwo (VDW, Munich, Germany)
#40.06 [31], K3XF (SybronEndo, Glendora, CA, USA) #40.04-
#40.06 [3], Reciproc (VDW, Munich, Germany) #40.06 [16]; one
study up to a #45 tip diameter Hero Shaper Files (Micro-Mega,
Besangon, France) #45.02 [14]; one study also prepared up to a
#50 tip diameter-Reciproc #50.05; and one study used the Self
Adjusting File [33].

Besides the CLC technique, six studies evaluated the SC
technique [15, 16, 27, 28, 31, 32]; two studies evaluated the CWC
technique [14, 15]; four studies the carrier-based gutta-percha
technique [4, 13, 15, 28], four studies the WV C technique [12, 30,
31, 34]; four studies performed their evaluation using the Tagger's
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Identification of studles via databases and registers Identification of studies via other methods

Records identified from:
- Databases (n=116) Records removed before screening:
-] MEDLINEPublded. n - 32 Nuplicate records removed (n = 67) Records identified from:
S Scopus: n = 26; > Records marked as weligile by Wobsites (n - Q)
ﬁ Wb of Sciernce. n - 28 automation toals (n = 0) QOrganisations (n = 0)
c Cochrane Library n=4; Records removed for other reasons Citatron searching (n - )
2 EMBASE. - 26 (n=0)
Grey Literature "n=10
Registers (n=0)
v
Records screened »| Records excluded
(n=49 n=34)
Reports sought for retrieval o | Reports not retrieved Reports sought for retrieval .| Reports not retrieved
n=15 |l =0 n=0) | (n=0
Reports assessed for eligibllity Reports excluded: Reports assessed for eligibility .| Reports excluded:
{n~15) —® n-0 (n=0) ¥ (a=0)

v

Reports included in review

(n - 15)

Figure 1. Flow diagram of the systematic literature search according to PRISMA 2020 guidelines

hybrid technique [13, 14, 16, 30]; three studies used thermo-
plasticized techniques [12, 18, 33]; and two studies performed
ultrasonic activations associated to an obturation technique=warm
lateral condensation [18] and SC technique [32].

Most studies used gutta-percha (GP) and AH-Plus to perform
root canal obturation [3, 14-16, 27, 29, 30, 33]. GP and
Endosequence BC Sealer (Brasseler USA, Savannah, GA, USA),
Thermafil (Dentsply Maillefer, Ballaigues, Switzerland) and
Endosequence BC Sealer [28], GP only, GP and Obtura II (Obtura
Spartan, Fenton, MO, USA) [18], Other materials involved GP
and EndoREZ, ActiV GP (Bras, seler USA, Savannah, GA, USA)
system GuttaCore (Dentsply Tulsa Dental Specialties, Tulsa, OK,
USA) and Thermaseal Plus (Dentsply Tulsa Dental Specialties),
GP and Thermaseal Plus [4], GP and AH-26 [12, 13], Thermafil
(Dentsply Maillefer, Ballaigues, Switzerland) and AH-Plus
(Dentsply Maillefer, Ballaigues, Switzerland) [13], Obtura II
(Obtura Spartan, Fenton, MO, USA), GP and AH-26 (Dentsply
Maillefer, Ballaigues, Switzerland), GuttaFlow
(Colténe/Whaledent, Altstitten/Switzerland) and AH-26 [12],
GP, AH-Plus (DentsplyMaillefer, Ballaigues, Switzerland) and
Thermafil [30], GP and SmartPaste Bio (Smartpaste Bio®, CRD
Ltd, Stamford, UK) [31], GP and AdSeal (Metabiomed, Cheongju,
Korea) [32] and Non-GP material [3].

As for the micro-CT parameters, the majority of studies
presented information on voxel size [12-16, 18, 27-36]; kV and pA
[13-16, 18,27-36]. Other information included exposure time [12,
15,28, 30, 31, 33, 34, 36]; rotational angle [12, 18, 27-29, 33]; and
rotation step [12, 18, 28, 30, 31, 34, 36]. None of the included
studies presented information on using filters or corrections.

Regarding the evaluated outcomes, most studies evaluated
aspects related to voids [3, 4, 12-16, 27-33]; seven studies
investigated aspects related to the volume of filling material [12,
18, 28-30, 33, 36]; and three studies evaluated aspects related to
gaps [31, 34, 36].

As for the main findings presented by the included studies,
three studies presented results favoring the CLC technique when
compared to the SC technique [15, 28, 29] and the CWC
technique [15]; two studies showed results favoring the carrier-
based (CB) technique when compared to the SC technique [15,
29], the CWC [15], and the CLC techniques [31]. Three studies
showed results favoring the WVC technique when compared to
the CLC technique [30, 31, 34]; two studies had results favoring
the TI technique over the CLC technique [12, 18]. Two studies
presented better results for the SC technique than the CLC
technique [16, 33]; two studies presented results favoring the
hybrid Tagger (HT) technique when compared to the CLC
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Table 2. Characteristics extracted from the included studies

Sample
o i P Root canal X Micro-CT Evaluated X
= Size Group of . Obturation Main
= preparation . Scan Parameter Outcomes e g
= (Per teeth . Technique Findings
= technique Parameters s
<  Group)
CLC: Cold Lateral
Compaction
Percentage of filled
(Gutta-Percha+AH &
Plus) area at 2mm was the
us
= lowest for SC; At 2 and 5mm,
1) SC: Single-Cone Voxel Size:
= At 5mm, CLC and a smaller
) (Gutta-percha+AH- 20 pm CB presented lower number of
= N=60 Mandibular ProTaper Next Plus) kV:70 . P . .
2 . Voidarea  number of voids voids were
(n=15) first molars  (25.06) CWC: Continuous pA: 114 .
% . . compared to SC and verified for
£ Wave of Condensation Exposure time:
= CWG; CLC and CB,
= (Gutta-percha+AH- 600 msec .
Plus) At 8 mm, filled area respectively
was similar for all
CB: Carrier-Based X
techniques
Gutta-percha
(GuttaCore+AH-Plus)
Percentage volume of
filling material in SC
None of the
CLC1: Cold Lateral was lower than in the
. . . systems
Compaction Voxel size: CLC groups, without .
) achieved
(Gutta- 13.68um differences between
—_ completely
* percha+EndoREZ) kV: 100 them; .
o) Percentage void-free root
= . CLC2: Cold Lateral pA: 100 Percentage volume of .
3 Single- . . volume of L fillings;
kS N=30 Endosequence  Compaction Exposure time: voids in the SC was .
c rooted canal . . SC was
s (n=10) (40.06) (Gutta-percha+AH- 2000 msec ) higher than in the ) )
o premolar . filling and . associated with
5 Plus) Rotational - CLC groups, without .
@ . voids . a higher
& SC: Single-Cone angle: 180° differences between
) ) percentage
(ActiV Gutta-percha Rotation step: them;
) ) volume of
Root Canal 0.4° Analysis of middle .
. ) voids than the
Obturation System) thirds showed no
L . other groups
significant difference
among groups
SC: Single-Cone
Gutta-
( There were no
percha+EndoSequenc . .
differences in .
e BC Sealer) . . . Voids were
= . Voxel size: Presence  relation to filling
S CLC: Cold Lateral . present for all
— . . 13.47 pm and material volume or .
=3 Mandibular Compaction . obturation
= N=30 ProTaper F3 kV: 100 volume of  presence of voids; .
® first (Gutta- " . techniques;
5 (n=10) (30.09) pA: 100 filling SC technique had
& premolars percha+EndoSequenc . . . however, SC
= Rotational material the largest void
o) e BC Sealer) . had the largest
®) angle: 3600 and voids  volumes, and CB

CB: Carrier-Based void volume
Gutta-percha
(Thermafil+EndoSeq

uence BC Sealer)

the smallest void

volumes, at all levels
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)

-

%‘ N=33 Mandibular ProFile
% (n=11) firstmolars (30.06)
=)

2|

2 Single-

= N=24 rooted Revo-S
:’? (n=12) maxillary (25.06)
o premolars

4

= Single-

- N=30 ingie Vortex  Blue
= rooted

s (n=10) (40.04)
> premolars

—

o

:: N=15  Mandibular ProTaper F3
2 (n=5) molars (30.09)
8

=

=

CLC: Cold Lateral
(Gutta-percha
without sealer)

WLC-U: Warm
Lateral with
Ultrasonic  Spreader

(Gutta-percha
without sealer)
TI:
plasticized Injectable
Technique  (Gutta-
percha+Obtura IT)

Thermo-

CLC: Cold Lateral

Compaction
(Gutta-percha+AH
Plus)

WVC: Warm Vertical
Compaction
(Gutta-percha  Dia-
Gun Obturation

System+AH-Plus)

CB: Carrier-Based
Gutta-percha
(GuttaCore
Obturator+ThermaSeal
Plus)

WVC: Warm Vertical
Compaction  (Gutta-
percha+ThermaSeal
Plus)

CLC: Cold Lateral
Compaction  (Gutta-
Percha+ThermaSeal
Plus)

CLC: Cold Lateral
Compaction
(Gutta-Percha+AH-26)
HT: Hybrid Tagger
(Gutta-percha+AH-26)
CB:
Gutta-percha
(Thermafil+ AH26)

Carrier-Based

Voxel size: 7.9
pm

kV: 100

pA: 100
Rotational
angle: 360°
Rotation step:
1.5°

Voxel size: 12.5
pm

kV: 90

HA: 112
Exposure time:
2600 msec
Rotational
angle: 180°
Rotation step:
0.6°

Voxel
14.52 ym
kV: 50
uA: 800
Exposure time:
4000 msec
Rotational
angle: 360°
Rotation
0.9°

size:

step:

Voxel size: 5 pm
kV: 100

UA: 100

Percentage
volume of
filling
material

Percentage
of
filling and

canal

voids
Gaps and
voids
Volume of
voids

Volume of gutta-
percha was lower in
CLC than in WLC-U
and TT,

differences between

without

them;

Density of gutta-
percha increased
towards the coronal
third, in WLC-U and

TT

WVC had a smaller
volume of voids than
CLC in the coronal
and middle thirds;

No
between groups were
observed in the
of filling
the

differences

volume
material  in
middle third;
In the apical third,
there
differences

was no
in the
percentage volume of
filling material and
voids between groups

There were no
differences in the
volumetric

distribution of gaps
and voids between
CLC and WVC
techniques, and

between WVC and
CB;

Higher percentages of
gaps, interfacial gaps
and voids were found
in CLG,
compared with CB

when

There
differences

were  no
among

techniques

WLC-U and TI
produced a
greater
canal

root
filling
volume
compared to
CLC

No obturation
technique
produced
void-free root
canal fillings;
WVC
associated with

was

a lower
percentage

of
than

volume
voids
CLC

of the
obturation

None

techniques
produced
completely gap-
and  void-free
root fillings;
Both CB and
WVC had lower
of
gaps and voids
than CLC

incidences

None of the
tested
techniques
allowed a void-
free root filling
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Plus)
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(Gutta-Percha master
cone  with  AH-
Plus+Thermafil)

SC: Single-Cone
(Gutta-
percha+Smartpaste
Bio)

CLC: Cold Lateral
Compaction

(Gutta-
percha+Smartpaste
Bio)

CLCl: Cold Lateral
Compaction
(Gutta-percha
0.02+AdSeal)

CLC2: Cold Lateral
Compaction

(Gutta Percha
0.04+AdSeal)

SC: Single Cone (Gutta-
Percha+Adseal)

SC-U: Single Cone with
Ultrasonic Activation
(Gutta-percha+Adseal)
CLC: Cold Lateral
Compaction

(Gutta-percha+AH-26)
WVC: Warm Vertical
Compaction

(Gutta-percha+AH-26)

TI1: Thermo-
plasticized  Injectable
Technique (Obtura
II+Gutta-percha+AH-
26)

TI2: Thermo-
plasticized  Injectable
Technique (Gutta
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I Ej Iranian Endodontic Journal 2024;19(2): 61-74

Voxel size: 10
um

kV:70

pA: 85

Voxel size: 10
pum

kV:70

pA: 114
Exposure time:
300 msec

Voxel size: 19
pm

kV: 80

wA: 100

Voxel
19.5 ym
Exposure time:
3000 msec
Rotational

size:

angle: 180°
Rotation step:
0.9°

Proportion
and
distributio
n of voids

Percentage
volume of
voids and
filling

material

Percentage
volume of
voids

Volume
percentage
of  voids
and
obturation
materials

CLC resulted in fewer
voids in the apical than
in the cervical third;
HT resulted in fewer
voids in the cervical
than in the apical third;
In relation to the
proportion of voids, the
obturation
did not differ

techniques

SC exhibited
percentage of voids

less

in the coronal and
middle thirds, and
lower median
percentage of voids

than CLC

Total
volume of voids was
lower in the SC-U
group compared to
all other groups;

There
differences between
the CLC1 and CLC2

percentage

were no

Highest percentage of
filling material was
observed in  TI2
followed by TII,
without differences;
Voids were detected
in all samples;

CLC and TI2 had the
highest and the lowest
percentage of voids,
respectively;

In the apical third,
CLC and TI1 had the
highest and the lowest
percentage of voids,
and the lowest and
highest percentage of
gutta-percha,
respectively

No difference
was observed
in percentage
of voids
between

techniques

Percentage of

voids with
CLC was
higher than SC
SC-U showed
the least
number of

voids amongst
all the
obturation
techniques

None of the
techniques
were void-free;
TI was
associated to a
lowest
percentage of
voids than

CLC
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plasticized Injectable
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Voxel size: 22.6

um Presence of
kV: 70 voids
pA: 140
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HA: 800 Volumertic
Exposure time: percentage
4000 msec of gaps and
Rotational voids
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Rotation step:
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b _ filling
Exposure time: .
material,
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. voids and
Rotational
, aps
angle: 180 SR

Rotation step:
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Voxel size: 11

pm Presence of
kV: 80 voids
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CWC and HT
showed less presence
of voids compared to

CLC

Differences in the
presence of voids
among all groups;
There was no
difference in the void
area percentage
distribution between
the WVC or CLC
groups;

More canal areas were
occupied by voids
when CLC

was used compared
with WVC groups;
CLC-NGP exhibited
more gaps than the
other groups

All
produced voids and
gaps;
There
differences in voids

techniques

were no

and gaps regarding
preparation
technique

Higher number of

voids were detected
for CLC group

CWC and HT
had less voids
compared to
CLC

None of the
groups
produced
completely gap
and void-free
fillings;

More canal
areas were
occupied by
voids when
CLC was used

None of the
techniques
produced
void- or gap-
free fillings

CLC produced
more voids
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Other techniques Cold lateral compaction Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight I, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Cold lateral compaction vs. Carrier-based gutta-percha
Martins et al. 2011 99.2 0.5 4 99.59 0.6 bl 9.5% -0.30 [-0.98, 0.38] 2011 b
Lietal 2014 99.5 1.1 10 g7 5.8 10 B.0% 280116, 6.16] 2014 T
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Figure 2. Forest plot depicting the comparisons between the cold lateral condensation and other obturation techniques
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Figure 3. Funnel plot of the included studies showing homogeneity
amongst studies

technique [14, 16]. One study showed better results for the CWC
technique when compared to the CLC technique [14]; two studies
presented results favoring obturation techniques-warm lateral
condensation and SC-associated with ultrasonic activation when
compared to the CLC technique [18] and CLC and SC without
activation [35], respectively. Finally, three studies did not present
differences among the tested techniques [13, 32, 36].
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Quality assessment

Table 3 summarizes the risk of bias in the included studies. Of
the fifteen included studies, six were classified as having a high
risk of bias [12-15, 18, 32], with four domains (sample size
calculation, selection and pairing of samples, micro-CT scan
parameters and blinding of evaluators) presenting some
concerns; eight studies were classified as having a moderate
risk of bias [16, 28-34, 36], with several domains presenting
concerns. Only one study was classified as having a low risk of
bias [29], with only one domain (blinding of evaluators)

presenting some concerns.

Meta-analysis

Figure 2 presents the results of all meta-analyses performed.
Not all studies were included in the meta-analyses because of
the high heterogeneity of the reported data.

For the comparison between CLC and carrier-based gutta-
percha techniques, three studies [13, 29, 31] were included for
further analysis. No statistical differences were observed
between these techniques [P=0.96; mean difference (MD)=-
0.02; confidence interval (CI): (-0.77, 0.73); 12=21%].

Three studies [28, 29, 35] were included for the comparison
between CLC and SC techniques. Again, no statistical
differences were observed between the two techniques [P=0.75;
MD=-0.39; CL (-2.77, 1.99); 12=92%].
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As for the comparison between CLC and TI techniques, two
studies [12, 36] were included. Once again, no statistical differences
were observed [P=0.37; MD=5.91; CI: (-7.13, 18. 94); 12=99%].

Five studies compared the CLC and WVC techniques [12,
18, 30, 31, 34]. In this comparison, a statistical difference was
observed, favoring better results for the WVC technique
[P<0.0001; MD=5.29; CI=(2.84, 7.74); 12=92%]. Mainly due to
this result, the overall effect presented significant results
[P=0.0003; MD=2.69; CI=(1.23, 4.16); 12=96%]. However, it is
important to emphasize that this does not reflect the results for
each comparison.

Ten studies were included in the meta-analyses. Therefore,
it was possible to verify for publication bias. As presented in
Figure 3 the funnel plot is approximately symmetrical,
implying that publication bias does not seem significant to the
research's validity.

Discussion

Empty spaces (i.e., voids and gaps) in root canal obturation can
cause bacterial leakage and possibly an endodontic failure [6, 7].
For this reason, evaluating the impact of the several obturation
techniques available on the incidence of empty spaces is
necessary. Because CLC is the most frequently used obturation
technique, in the present systematic review, we aimed to
evaluate studies that compared the quality of obturations
performed using the CLC technique to other obturation
techniques, assessed by using micro-CT.

This selection criteria were based on studies indicating that

micro-CT assessment presents more reliable and accurate data
on the quality of the root canal filling [38-40], enabling the
tridimensional and volumetric evaluation of the root canal
filling and, consequently, determining the presence of voids and
gaps [41, 42].

The meta-analysis provides the interrelation of results from
two or more independent studies on the same research
question. Outcomes from a meta-analysis may include a more
precise estimate of the effect of treatment than any individual
study contributing to the pooled analysis [43]. In the present
study, only ten studies were included in the meta-analysis
because the data heterogeneity and the dificulty in control the
multiple variables. The difficulty in standardizing the study
variables such as the group of teeth, preparation, and
obturation technique could compromise data analysis. We
were able to extract essential data when analyzing a study with
a limited pool; however, the results must be evaluated with
caution due to the potential for misleading.

When assessing the main findings, two studies reported
more voids when using the SC technique rather than CLC [15,
27], and two studies reported that the CLC technique had more
voids than the SC technique [16, 31]. Yet, the meta-analysis
presented no statistical differences in studies [28, 29, 35].
Several factors can explain these controversial results. First, a
non-uniform filling is produced due to the difficulty of
controlling the amount of sealer around the GP cone, causing
poor sealer adaptation for the SC technique [44]. Another
hypothesis is the difficult fitting of a single round cone in an
irregularly-shaped canal, without any gaps [45]. However, the
SC technique is more effective when using a paired GP cone

Table 3. Risk of bias assessment of the included studies

Author(s) Sample Size Selection and Micro-CT Scan Obturation Blinding of Statistical Risk of Bias
Calculation Pairing of Samples Parameters Technique Evaluators Analysis
Alim & Berker [15] No No No Yes No Yes HIGH
Bager Can et al. [28] Yes No Yes Yes No Yes MODERATE
Celikten et al. [29] No No No Yes Yes Yes MODERATE
Ho et al. [18] No No No Yes No Yes HIGH
Keles et al. [30] Yes Yes Yes Yes No Yes LOW
Lietal. [31] No No Yes Yes No Yes MODERATE
Martins et al. [13] No No No Yes No Yes HIGH
Moeller et al. [32] No No No Yes Yes Yes MODERATE
Moinzadeh et al. [33] Yes No No Yes No Yes MODERATE
Motamedi et al. [35] No No No Yes No Yes HIGH
Naseri et al. [12] No No No Yes No Yes HIGH
Nhata et al. [14] No No No Yes No Yes HIGH
Selem et al. [34] No No Yes Yes No Yes MODERATE
Simsek et al. [36] No No Yes Yes Yes Yes MODERATE
Suassuna et al. [16] No No No Yes Yes Yes MODERATE
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[46]. Furthermore, the filling achieved by the SC technique can
be improved by using endodontic sealers with excellent
dimensional stability (i.e., epoxy resin-based sealer) or
hygroscopic expansion (i.e., calcium silicate-based sealers)
instead of zinc oxide and eugenol-based sealers that contract
after setting [36, 47]. Additionally, ultrasonic activation of the
sealer, prior to the placement of the single GP cone, can
promote a better flow and filling of the canal irregularities,
therefore, decreasing the presence of gaps and voids [48-50].

Only one study reported a lower percentage of voids using
carrier-based gutta-percha [31], and the meta-analysis did not
show differences among the evaluated studies [13, 29, 31].
Carrier-based gutta-percha systems comprise a two-phase GP
(i.e., alpha- and beta-phase). In the alpha phase, the GP that
covers the core is more adhesive and, when heated, becomes
highly flowable to promote an improved adaptation to the
canal walls and filling of irregularities [22], which can explain
the present findings.Warm vertical condensation promoted
gaps and voids in three studies [30, 31, 35]. However, the meta-
analyses showed a statistical difference favoring the WVC
technique, suggesting that the CLC technique promotes a lower
volume of filling material and, therefore, a more significant
number of gaps and voids [12, 18, 30, 31, 35]. The possible
explanation is that using a heater during condensation enables
the filling material to flow toward the canal irregularities and
improves the filling material's adaptation with the principal and
lateral canals during warm vertical condensation [51, 52].

In addition, two studies reported a lower percentage of
empty spaces associated with the TI techniques [12, 18]; no
differences were found in the meta-analysis [12, 36]. This can be
explained by the better flow of the GP when used in injectable
systems. When plasticized, GP produces a homogeneous mass,
promoting fewer voids and better adaptation to the root canal
walls [53]. During CLC, GP cones are generally tightly pressed
together but are still separate [5], and a poorer adaptation of the
GP cone to the canal walls can be the result of an inadequate
pressure during condensation with finger spreaders [10]. Also,
cold GP does not adhere to the canal walls and can be dislodged
during condensation. Finally, due to its poorer flow ability than
the sealer, GP would not fill the canal irregularities, leaving voids
and gaps in an irregularly-shaped canal [44].

Based on previous systematic reviews [23, 24], a specific tool
had to be created to assess the risk of bias in the in vitro studies.
The authors selected the evaluated parameters, considering
important methodological aspects for evaluating the quality of
root canal obturations [38].

I fj Iranian Endodontic Journal 2024;19(2): 61-74

Of the fifteen studies included in this systematic review,
only one was considered to present a low risk of bias [30]. Eight
studies were considered as having a moderate risk of bias [16,
28, 29, 31-34, 36] , with significant concerns regarding the
sample size calculation, selection and pairing of the samples,
and blinding of evaluators. Six studies were considered as
having a high risk of bias [12-15, 18, 33], with significant
concerns regarding the sample size calculation, selection and
pairing of the samples, description of the micro-CT scan
parameters, and blinding of evaluators.

Sample size calculation is a crucial factor because it can
prevent the occurrence of type II statistical error (i.e., when
statistical differences are not observed because the sample size
was so small that the test could not detect them) [54]. As for
the pairing of samples, there needs to be an anatomical
matching among samples to avoid misinterpretation of the
outcomes and, consequently, poor internal validity [38]. The
description of micro-CT parameters allows reproducibility
among studies and the comparison of different results [40],
and blinding evaluators is essential for avoiding bias in data
assessment. Only the description of statistical analysis was
informed by all studies. All of these parameters must be
considered when evaluating the main findings from studies
about the quality of obturation. Also, these must be considered
for future research on the same topic.

Considering the methodological variability among the
included studies (i.e., group of teeth, canal preparation
technique, endodontic sealers), a high heterogeneity is
unavoidable and, therefore, is a limitation of the present
systematic review. Additionally, the success of the endodontic
treatment depends on several aspects, such as the patient's
systemic health, the pulp and periapical pathological condition,
the presence of anatomical complexities, apical limit of
instrumentation, the quality of the root canal obturation, and
coronal sealing. Therefore, we must emphasize that the quality
of the root canal obturation cannot be considered as the only
determinant factor for the treatment's success.

So far, based on the results of the present systematic review,
it is possible to affirm that none of the obturation techniques
were gap-free; this fact is in accordance with another study [47,
53]. However, WVC was the only obturation technique with
fewer voids and gaps than CLC. This result should be
cautiously interpreted since most studies had a moderate or
high risk of bias, and only a few studies compared other

obturation techniques to CLC.
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Conclusion

Due to the limitation of this study, it is possible to conclude that
the WVC technique presented a lower incidence of voids and
gaps when compared to the CLC technique. Furthermore, no
differences were observed among the other investigated
techniques compared to the CLC. However, the results should
be interpreted with caution because of the small number of
studies included in the meta-analysis and the risk of misleading.
The presented evidence is based on studies with a moderate or
high risk of bias. Further research is needed to fill the gap of well-
designed and standardized studies to increase the evidence base
in this domain.
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