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Abstract

Background: Endodontic surgical procedures, when performed, require retrograde filling materials that are bio-
compatible, non-toxic, non-irritant, dimensionally stable, and ideally promote bone formation. Precise evaluation of
retrograde filling materials in clinical trials is necessary to give holistic view for properties of material and potential
outcome from its use. The purpose of this review is to evaluate the effect of retrograde material type and surgical
techniques on the success rate of surgical endodontic retreatment.

Methods: An electronic search was performed in the time frame between 1st of January 2000 to 1st of September
2020 using database.

Sources

Web of Science, PubMed and redundant hand searches through their references. Seven inclusion—exclusion criteria
were set for the selection and identification of relevant articles. Risk of bias was conducted for the included studies.

Results: Nine randomized clinical trials (RCTs) fulfilled the inclusion criteria for this systematic review. The outcome of
this review revealed that none of the reviewed trials totally-fulfilled CONSORT 2010 criteria.

Conclusions: In light of the outcome of this review, there is no enough evidence to support the superiority of
certain retrograde filling material or surgical technique over another in the success rate of surgical endodontics
retreatment. The variety of methodologies and strategies, such as patient selection, the method of treatment and
study analysis, led to doubtful credibility of the obtained clinical evidence. Further prospective randomized controlled
clinical trials evaluating the specific effect of the various used materials are needed.
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Background

The ultimate goal of endodontic treatment is to achieve
complete elimination of bacterial components and toxins
during the mechanical shaping of the root canal system
with a subsequent filling of that system with materials to
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[3]. The causality of failure can largely be attributed to
bacterial invasion from inadequate cleansing of the root
canal system, inaccessible areas when encountering com-
plexities and irregularities of the root canal system, and
from foreign body reactions such as extrusion of filling
material and broken files or extra radicular biofilm [4, 5].
When there is non-surgical endodontic treatment failure,
retreatment is typically considered, provided the tooth is
restorable, and the canals are accessible. However, when
non-surgical treatment cannot be achieved, surgical
retreatment becomes a viable treatment modality [6].

Endodontic surgical procedures, when performed,
require retrograde filling materials that are biocompat-
ible, non-toxic, non-irritant, dimensionally stable, and
ideally promote bone formation [7, 8]. Many different
materials that have been suggested for use as a retro-
grade filling material, such as amalgam, composite resin,
reinforced zinc oxide—eugenol cement (IRM; Dentsply),
super ethoxybenzoic acid (Super-EBA; Bosworth Co,
Skokie, IL) cement, and glass ionomer cement [9]. With
such an array of choices, the clinician can encounter be
considerable confusion as to which material would work
best in the various clinical situations that they face. Pre-
cise evaluation of retrograde filling materials in clinical
trials is necessary to give an accurate picture of the prop-
erties of the material and the potential outcome from its
use.

Systematic reviews and meta-analytical studies are
considered the highest level of evidence that supports
evidence-based decision making, which is described as
the “formalized process of using a specific set of skills for
identifying, searching for and interpreting clinical and
scientific evidence so that it can be used at the point of
care”’[10].

There are several prospective randomized clinical tri-
als that assess the effect of root-end filling materials
[11-21], And there are narrative reviews focused on the
effect of the retrograde filling material itself. Assessment
of the differences in the materials used, adopted tech-
niques, and heterogeneity in studies of previous articles
are required for a better understanding of surgical endo-
dontic treatment protocols and to assess which variables
affect clinical outcomes [22-25].

The systematic review by Pinto et al. [26] focused only
one on evaluating only endodontic microsurgeries when
used with different retrograde filling materials. Another
systematic review by Seltzer et al. [23] compared endo-
dontic microsurgery and tradition root-end surgery and
concluded that there is a significant better prognosis in
case of microsurgery. To date, there are no systematic
reviews that evaluate the methodologies of prospective
randomized clinical trials with a focus on the effect of
different root-end filling materials. Hence, the evidence
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supporting the use of specific root-end filling material
with a particular technique as a useful and efficacious
technique remains weak. Accordingly, the objectives of
this systematic review are to (1) assess the clinical out-
come of using different root-end filling materials in pre-
viously published prospective randomized controlled
clinical trials and (2) evaluate quality and extent of com-
pliance of these studies with the requirements of ideal
randomized clinical trials.

Methods

The protocol for this systematic review was adopted from
the PRISMA checklist for reporting systematic reviews
[27] with registration number (20180029).

Formulating review questions

A well-defined review question was developed by using
the Patient Population, Intervention, Comparison, and
Outcome (PICO) frame work to establish a systematic
review of the current literature regarding radiographic
outcomes of endodontic surgical retreatment in patients
who have had prior endodontic treatment but have
recurrent periapical pathosis and/or clinical symptoms.

“P”—population—is the patients with teeth that were
previously Endodontically treated and had periapical
pathosis.

“I”—the type of surgery (e.g., modern endodontic
surgery).

“C”—the comparison group: is the type of retro-
grade filling material used.

“O”—the definition of outcome: according to the
healing criteria of Rud et al./or Molven et al. [28, 29].

The critical questions of this systematic review were
these:

1. What is the effect of using retrograde filling?

2. Does the use of specific material, device, or tech-
nique in surgery improve healing of the lesion or
reduce patient post-operative discomfort?

3. Did the adopted methodologies in previously pub-
lished studies fulfil the ideal requirements of a rand-
omized clinical trial?

Search methodology

An exhaustive broad literature search was done through
three electronic databases, WEB OF SCIENCE, EL
SEVIER, and PubMed searching for topic-related studies,
regardless of the publication type using four keywords:
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‘Endodontic surgery, Retrograde filling ‘Root end
filling) Apicectomy. The following combinations were
used while searching the previously published lit-
erature; ‘Endodontic surgery AND retrograde filling,
‘Endodontic surgery AND root-end filling] Apicec-
tomy AND Retrograde filling Apicectomy AND Root
end filling’

Exploration of the literature was performed between
the years 2000 and 2020 with an electronic database
search and flow for article identification, screening pro-
cess, and submission of the eligibility criteria with these
articles. To identify ongoing or unpublished studies,
personal contacts have also been used. Full articles were
obtained for all the titles and abstracts (when available).

Screening and data extraction

Initially, three reviewers analyzed the titles and abstracts
of the resultant articles. The reviewers removed duplicate
articles and completed an extensive hand search through
the articles and references, searching for articles that
hadn’t been found in the electronic search. The following
categories were excluded during the assessment process:
(1) non-English studies, (2) animal studies, (3) review
articles, (4) laboratory studies, (5) case reports, and (6)
non-randomized or retrospective clinical trials as illus-
trated in (Fig. 1).

All resulting titles and abstracts were screened inde-
pendently in an unblinded standardized manner by
the five reviewers for the relevance of the topic. Those
abstracts meeting the inclusion criteria were selected,
and the articles read in full. The approval of at least
three reviewers was enough to include it in this system-
atic review. In case of no agreement, the final agreement
was reached by discussion until a final decision was
determined.

Inclusion criteria

Inclusion criteria for this review included (1) articles in
English, (2) prospective clinical trials with at least two
arms, (3) studies with the follow-up period for a mini-
mum of 12 months, (4) studies limited to humans, (5)
informed consent must have been given to participants,
(6) the sample size must be mentioned and (7) the out-
comes (success and failure) evaluation must have been
complying with the criteria of Rud et al./or Molven et al.
[28, 29].

Exclusion criteria

Exclusion criteria consisted of studies that did not meet
the above inclusion criteria, which are: (1) non-rand-
omized studies, non-English studies, (2) one arm studies,
(3) lab or animal studies, (4) case reports, (5) reviews or

Page 3 of 13

opinion papers, (6) retrospective studies, (7) studies less
than 12 months follow up, re-surgery studies, (8) detailed
success rate not given or success rate calculation from
raw data not possible, (9) use of guided tissue regenera-
tion, (10) outcomes not evaluated according to the cri-
teria above, (11) no sample design provided and (12)
presence of a through and through lesion or a lesion of
combined periodontal endodontic origin.

Data extraction and quality assessment

Study quality and internal validity were assessed for
each included trial according to the CONSORT 2010
checklist [30] by examining information such as ethical
approval, study settings, sample size calculation, number
of patients, type of teeth treated, number of surgeons, use
of magnification (none, loupes, microscope), materials
used, the age range of patients, follow-up period/inter-
vals, and specific outcomes. These data were put into
data extraction sheets, which were also used to evaluate
information about elements of randomization, conceal-
ment of treatment allocation, blinding, and the handling
of patient attrition.

Risk assessment of selected studies

The same five reviewers independently assessed the risk
of bias of included studies. Also, the final decision is
reached by the approval of at least three reviewers. Disa-
greements were resolved after substantive discussion.
The risk of bias assessment is built according to instruc-
tions provided by Higgins AND GREEN 2011 [31].

Five points were considered for each study: selection
bias, performance bias, detection bias, attrition bias, and
reporting bias. For every article, the risk was judged as
low, unclear, or high. If a study had a low risk for each
item, then it was judged to have a low risk of bias and a
high level of evidence. If a study had an unclear risk for
at least one item, but no item had a score at high risk,
then the study is judged to have an unclear risk of bias
and a moderate level of evidence. If a study had a high
risk of bias at any of the previously mentioned items, the
study is judged to be at high risk of bias and low level of
evidence.

Results and data analysis

Excluded studies

The flow chart of the article screening process is pre-
sented in (Fig. 1). The electronic search and hand search
gave after removal of duplicates, 327 records. After the
screening of titles and abstracts, the following catego-
ries were excluded: 13 non-English studies, 97 out of
subject studies and laboratory studies, 21 animal stud-
ies, 52 review articles, 30 retrospective studies, 94 case
reports and case series, 3 prospective clinical studies but
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non-randomized and finally 17 full-text articles assessed
for eligibility but 8 articles were excluded because 2 arti-
cles studied patient with exclusion criteria, 3 articles were
out of our scope of research with different objectives, and
3 articles were a follow-up. We considered nine articles
potentially eligible for inclusion.

In our analysis, eight articles didn’t meet our crite-
ria for eligibility. The study of Pecora et al. [32] was
excluded because the studied patients had exclusion cri-
teria (through and through periradicular lesions) which
will require bone grafting, while the study conducted
by Da Silva et al. [33] had evaluation criteria of success
and failure other than our inclusion criteria. The scope of
the studies conducted by Taschieri et al., de Lange et al,,
Shearer et al. [34—36] aimed to test the effect of ultra-
sonic preparation and effect of magnification on per-
iradicular surgery thus they were excluded. Meanwhile,
Chong et al. [37] assessed mainly the post-operative
pain after two years, in addition; the studies of Kim et al.
and Kruse et al. [19, 20] were a follow up to previously
included studies but were included in this systematic
review.

Characteristics of included studies

Nine studies met the inclusion criteria. The chosen ran-
domized clinical trials had the following geographic dis-
tribution 3 trials in Sweden 33% Platt and Wannfors [13],
Wialivaara et al. [16], Walivaara et al. [17], 2 trials in Den-
mark 22% Jensen et al. [11]; Christiansen et al. [15], 1 trial
in Netherlands 11% Lindeboom et al. [14], 1 trial in Lon-
don 11% Chong et al. [12], 1 trial in china 11% Zhou et al.
[21]and finally 1 trial was conducted in South Korea 11%
Song and Kim—-Kim et al. [18, 19] with total 77% of the
trials in Europe and 22% in Asia.

Four studies (44%) clearly stated the funding sources,
and 77% of the trials received ethical approval from rel-
evant Institutional Review Boards (IRB). From the assess-
ment of the methodologies, participant eligibility criteria
were clearly stated in four studies, 40%, while the others
were incompletely illustrated. The number of operators
was as follows: (one) in four studies 44%, (two) in three
studies 33%, (three) in one study 11%, and (four) in one
study 11%. Concerning the blinding of evaluators, only
five studies (55%) succeeded. Conversely, for blindness
to treatment, no study managed to achieve it, neither the
patients nor the operators.

Regarding sample size calculation, only 5 studies per-
formed the analysis while the remaining studies did not
clearly state this issue. In comparing long-term follow-
up, 3 trials (33%) showed a follow-up period of more than
one year. Variables such as type of the tooth, age, sex, and
smoking, which can affect the results, were fully docu-
mented and included in only two studies (22%), while in 6
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trials, it was not wholly illustrated. One study didn’t even
discuss the topic. The size of the treated lesion was men-
tioned in four studies (44%), while other studies provided
no information.

Four studies (45%) used no bevel or slight bevelling
technique in root-end resection, while the other five
studies (55%) indicated that the root apex was cut using
traditional bevelling techniques. Magnification was used
in 77% of the studies during surgical procedures ranging
from loupes to operating microscope. The same studies
also used ultrasonic for root-end cavity preparation. Fur-
thermore, 44% of the included studies indicated the pro-
vided antibiotic prescriptions after surgery. At the same
time, there is no mention of such, in the other studies,
which may affect the results, as shown in Table 1.

The analysis of investigated materials mentioned in
these studies illustrated: MTA (mineral trioxide aggre-
gate) was tested in 55% of the trials, IRM (Intermediate
restorative material) in 44%, Super EBA 22%, Ultrafill
gutta-percha 11%, just smoothening of gutta-percha
11%, R.P. composite (Retroplast) 11%, C.S. Glass Iono-
mer (Chelon silver) 11%, Ketac silver Glass ionomer 11%,
iRoot BP plus 11% and Compomer Dyract 11%. Assess-
ment of the frequency of testing root-end filling materials
in the studies was illustrated in Table 2.

In terms of success and failure, the outcome of each
study for each material is illustrated in Table 3. Each one
of the nine included studies compared two types of retro-
grade filling materials. MTA was evaluated against IRM
in two studies Chong et al. and Lindeboom et al. [12, 14].
Both studies involved 222 teeth. Results after one year
follow up showed no significant of difference between
the two materials with no superiority of one material
over the other. The same clinical results were noted when
MTA was compared to Super EBA in the studies of Song
and Kim, Kim et al. [18, 19] on 192 patients with no sig-
nificant of difference between the two materials even
after four years follow up. Also, the study of Zhou et al.
[21] compared MTA with I Root BP Plus and conducted
on 120 patients reported no significant of difference
between the materials.

When MTA was compared against gutta-percha (GP)
in the study by Christiansen et al. [15] on 46 teeth, fol-
lowed up six years later by Kurse et al. [20], MTA showed
superiority and significant of difference over gutta-per-
cha. Nevertheless, IRM showed no superiority when
compared to either GP or Super-EBA in two studies,
Walivaara et al. [16, 17], respectively, with no significant
of difference. Retroplast composite resin showed supe-
rior results when compared to Chelon silver in the study
of Jensen et al. [11] on 134 participants with higher sig-
nificance; also, Dyract compomer had superior results
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Table 2 Frequency of test materials in included studies

Page 8 of 13

MTA EBA iRoot BP Plus IRM Ketac Silver Compomer Chelon-Silver Retroplast GP

Dyract Silver
Number of studies tested 5 2 1 4 1 1 1 1 2
Percentage (%) 55 22 11 44 1 11 11 1 22

S, success; F, failure; Sig of Dif, significance of difference

against Ketac Silver in the study of Platt and Wannfors
[13].

Risk of bias analysis

After analyzing the data, only one study, Lindeboom et al.
[14] was judged to be at low risk of bias while two studies
Christiansen et al. [15] and Zhou et al. [21] were judged
to be at unclear risk. The remaining six studies Jensen
et al., Chong et al., Platt and Wannfors, Wilivaara et al.,
Wilivaara et al. and Song and Kim, Kim et al. [11-13, 16—
18] are considered to be at high risk of bias. So, we have,
according to the level of evidence, 66% of the studies had
a high risk of bias, 22% moderate risk, and only 11% had a
low risk of bias.

Through all studies, it seems that random sequence
bias had a 22% high risk of bias and 77% low risk of bias.
Meanwhile, allocation concealment took 44% high risk of
bias and 11% unclear risk of bias and 44% low risk of bias.
Regarding blinding of participants was the highest risk
of bias with 55% between studies and 22% unclear risk
and lowest percent 22% for low risk of bias. Conversely,
in the blinding of outcome assessment, high risk took
33%, and low risk took 66%. For attrition bias 44% low
risk, 33% for unclear risk, and 22%for high risk of bias.
Likely in reporting bias, we found 66% for low risk and
33% for unclear risk. Lastly, for other types of bias, the
highest percentage was for unclear bias 44% and 33% for
high risk and 22% for low risk of bias, as shown in (Fig. 2).

Discussion
After reviewing all the previous randomized clinical tri-
als, no clinical trial has completely fulfilled the require-
ments of the CONSORT 2010 checklist for quality
assessment of randomized clinical trials [30]. The clini-
cal trials performed by Lindeboom et al. and Zhou et al.
are the only clinical trials that achieved accepted percent
from the required items of the checklist including: dem-
onstration of the ethical approval, eligibility criteria, sam-
ple size calculation, number of surgeons and evaluators,
the blinding of evaluators to treatment, number and rea-
sons of drop out of patients and use of modern tools in
performing the operations [14, 21].

Throughout the studies analyzed, MTA was the most
frequently compared material with other filling materials.
Four studies showed no significant difference in success

rates between the use of MTA and IRM as a retrograde
filling material for the first two articles and super EBA in
the third and iRoot BP plus in the fourth respectively [12,
14, 18, 21]. Only one study showed significant difference
when using MTA in comparison with Gutta Percha. [15,
20] The study of Jensen et al. revealed a higher success
rate with significant difference of Retroplast over Chelon
silver [11]. Platt and Wannfors study also reported supe-
riority of Compomer over Ketac Silver [13]. Meanwhile,
IRM showed no significant difference when compared to
Gutta Percha [16]. It was surprising that the same results
obtained by Walivaara et al. [17] when compared IRM to
Super EBA, which lead to doubtful clinical evidence.

It should be noted that missing information can influ-
ence the success rate analysis of clinical variables, includ-
ing the type and status of the teeth being treated, quality
of previous root filling, patient status such; as age, sex,
smoking, and alcohol consumption. The techniques and
parameters followed can affect the treatment outcome,
and it is important to be equally distributed among the
participants [22].

Regarding the lesion size Kim [38] stated that the size
of the apical lesion is a significant determinant of treat-
ment outcome, Jansson et al. [39] also found poor prog-
nosis with larger periapical lesions—however, Grung
et al. [40] found no relationship between lesion size and
prognosis. Only four of the viewed trials mentioned the
size of the lesion, while six did not. Lindeboom et al. [14]
and Zhou et al. [21] included patients with lesion size not
exceeding 10 mm. This inclusion can affect the results
because, according to Christiansen et al. rate of success-
ful healing was attributed to the size of the lesion; the
smaller the lesion, the higher the rate of success [15].

The correlation between the type of the tooth being
treated and the success and failure rates is not clearly
defined yet. Many articles reported higher success rates
associated with anterior teeth after endodontic surgery,
which may be attributed to more accessibility and more
precise visualization of the operating field, all these fac-
tors lead to better handling and improved apical seal
attainment [41-43]. These factors may explain the suc-
cess rate results of Platt and Wannfors and Christiansen
etal. [13, 15].

Most of the investigators adopted modern tech-
niques, including magnification devices, like loups and
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microscope to improve the visualization during the treat-
ment. Also, they used microsurgical ultrasonic tips for
preparation which have been proven to be faster com-
pared to rotary burs and require less bone removal [44].
Jensen et al. [11] and Platt and Wannfors [13] did not
adopt modern techniques but used the traditional root-
end resection with a bur. It was not clinically proved yet

the difference in the rate of lesions healing of treated
cases using either loupes or surgical microscope except
in improvement in the visualization and illumination of
the surgical field, details of the apical part of the root, and
more conservative bone removal [38, 45, 46].

The combination of magnification with modern tech-
niques of root-end resection and ultrasonic preparation
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allows for more conservative preparations, less exposure
of dentinal tubules, more efficient disinfection, and more
effective adaptation and sealing of the retrograde fill-
ing to the root canal walls and consequently increased
chances for higher success rates [23].

It would not be appropriate to conclude that healing/
success would be based solely on clinical and radio-
graphic outcomes after a follow-up period of only one
year, ignoring that success versus failure might be influ-
enced by an extended follow-up period. Moreover, judg-
ing lesions that failed to decrease in size during this
period might show improvement with longer follow up
periods and thereby become successful [47].

By assessing the risk of bias, via random sequence gen-
eration, we considered the randomization methods fol-
lowed are accepted in all trials and considered to be at
low risk except in Jensen et al. [11] and Wilivaara et al.
[16] which were considered to be at high risk of bias. The
methods used were not reported in Jensen et al. [11],
while in Walivaara et al. [16], patients were assigned
according to their date of birth. We found that allocation
concealment was not stated or attempted in Jensen et al.
[11] and Platt and Wannfors [13]. Therefore; the stud-
ies of Wilivaara et al. [16, 17] were considered to be at
high risk of bias, while Song and Kim [18] and Song et al.
[43] was unclear at this point. We considered the studies
of Chong et al. [12]; Lindeboom et al. [14]; Christiansen
et al. [15] and Zhou et al. [21] have adequate allocation
concealment methodology. Furthermore, the presence
of different follow-up investigators as in the studies of
Christiansen et al. [15]; Kruse et al. [20] and Song and
Kim [18]; Kim et al. [19] decreased the risk of bias.

Our study has several limitations, starting with the
exclusion of non-English studies, prospective studies, but
lack of randomization and short follow up period studies.
The quality of the selected RCTs varied. Randomization
was adequate in most trials; however, analyses did not
identify a correlation between retrograde filling type and
surgical technique, and favorable healing outcomes.

Publication bias might appear in some trials regarding
the allocation concealment, participant, and outcome
assessment. Larger trials, generally, analyzed with more
methodological rigor than smaller ones, and through
methodological assessment of all trials suggest that
shortage of reporting in some items may have led to an
overestimation of the effect of some retrograde fillings. In
addition, the applicability of this review might be affected
because there are no data for other populations in the
world where the intervention might perform differently.
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Conclusions

The current scientific evidence shows that none of the
used materials was significantly better than the other in
clinical application except when comparing glass ionomer
cement to composite materials or MTA to gutta-percha.
The variety of methodologies and strategies, starting from
patient selection to the method of treatment and analysis,
led to doubtful credibility of the obtained clinical evidence.
Further prospective randomized controlled clinical trials
evaluating the specific effect of the various used materials
and following the ideal requirements of clinical trials are
needed.
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