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Abstract
The purpose of this review was two-fold: (a) to deter-
mine which retrograde obturation material(s) best pre-
vents dye/ink penetration in vitro; and (b) to determine
whether in vitro results agree with in vivo results. A
MEDLINE search was conducted to identify in vitro
studies published between January 1966 and October,
week 4, 2003, conducted on human teeth, and pub-
lished in English, German, or French language, testing
the resistance to retrograde penetration of retrograde
filling materials. The MEDLINE search identified 278
published articles. Of those, 115 studies examined the
resistance to penetration of various retrograde filling
materials, in vitro. Thirty-four studies met all the inclu-
sion and validity criteria. The results indicate that,
beyond 10 days in vitro, the most effective retrofilling
materials, when measured by dye/ink penetration are:
composites � glass ionomer cement � amalgam �
orthograde gutta-percha � EBA. The results of these in
vitro studies are not congruent with in vivo study
results, suggesting a need to re-evaluate the clinical
validity and importance of in vitro studies.
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The purpose of this systematic review was: (a) to determine which retrograde obtu-
ration (root-end filling) material(s) best prevent(s) retrograde dye/ink penetration

in vitro, and (b) to compare these results to the results of in vivo studies.
In vitro dye penetration studies have been carried out for decades to assess the

leakage of endodontic filling materials. The assumption was that this surrogate measure
(dye/ink penetration) is a good indicator of sealing ability. The additional assumption
was that sealing ability is a good predictor of endodontic success. Since the early 1980s,
attempts have been made to correlate in vitro and in vivo studies with minimal success
(1, 2).

A recent systematic review of in vivo success of retrograde obturation materials indi-
cates that, in studies using a randomized controlled trial design (level 1 evidence) (EBM:
http://cebm.jr2.ox.ac.uk/docs/levels.html) (69), glass ionomer cement is more effective
than amalgam (3). In contrast, for studies employing a nonrandomized controlled trial
design (level 2 evidence) (EBM: http://cebm.jr2.ox.ac.uk/docs/levels.html) the data is more
widely variable. Some studies indicate that amalgam is more effective than glass ionomer,
others that composites, or that EBA is more effective than amalgam (3).

The results from in vivo studies of high evidence level can be directly applied to
humans (patients). Experimental studies that test new materials and their properties in
vitro and compare them with other materials are valuable, as well, IF their results can
also be extrapolated to in vivo results. This study was undertaken to begin to determine
this relationship.

Materials and Methods
Literature Search

An electronic search of MEDLINE January 1966 to October, week 4, 2003 was
conducted (Table 1).

Inclusion Criteria-Validity
Two independent reviewers examined all the identified abstracts to determine

whether they met the following inclusion criteria: Study in vitro; used human teeth;
tested and compared the sealing ability of more than one retrograde obturation mate-
rials, placed at the root end following the classic rules of apicoectomy (root-end re-
section) and retrograde (root-end) obturation; measured the amount of penetration
from the apex to the root canal of the teeth; quantitative results provided; and written in
English, German, or French language.

Whenever it was not possible to make this determination, the article in full text was
examined. Subsequently, all relevant articles were obtained and a determination made
by two reviewers if they met the inclusion criteria. It is important to state that only studies
measuring the passive retrograde dye leakage were included. The studies that examined
the orthograde leakage (dye leakage under pressure, bacterial leakage, electrochem-
ical, and radioisotope leakage), the studies that examined the dye leakage after applying
different mechanical methods for the resection of the apex and the preparation of the
retrograde cavity and the studies providing qualitative results were excluded. All articles
that met the inclusion criteria were assessed for validity. Validity was determined on a
seven-point scale (Table 2) and studies not meeting five or more of the seven validity
criteria were excluded (Table 3).
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Data Analysis
Data from the studies that met inclusion criteria were extracted

and plotted as scatter plots and linear regression used to compare
penetration.

Ranking the materials was a two-step process. First a linear re-
gression of dye penetration versus time was determined from scatter
plots. Then dye penetration was examined for those materials experi-
mental results longer than 10 days.

Results
The MEDLINE search identified 278 articles (Table 1). From

those, 115 appeared to meet inclusion criteria. Of these, 25 studies were
then excluded because they tested orthograde penetration (from the
root canal to the apex and periapical area) and not the retrograde
penetration. Eighteen studies were excluded because they examined
different mechanical preparations. Eight studies were excluded because
of language limitations. Eight studies were excluded because they did
not provide quantitative results. Twenty-two studies were excluded be-
cause they met less than five of seven validity criteria (Table 3).

Thirty-four studies met all of the inclusion and validity criteria.
Details of the included studies are presented in Table 4. The 34 included
studies examined 17 different groups of materials, eight different types
of indicator agents (Tables 4 and 5), and a range of testing periods
(Tables 4 and 5). Thus the number of variables was large. From those
17 groups of materials, seven material groups were distilled to match
the material groupings already tested in vivo (3, 4) (Table 5). Dye

penetration of these materials is plotted in Figs. 1 (scatter plots) and 2
(linear regression).

Amalgam was examined 39 times by 26 different groups using a
variety of experimental procedures and indicators (Tables 4 and 5). It
was tested from 0.1 to 180 days. Amalgam appears to lose its sealing
ability over time (Figs. 1 and 2), with penetration ranging from 0.3 to
6.9 mm.

Orthograde condensed gutta-percha was used to obdurate the
root canals conservatively. When the apices were resected no retro-
grade cavity was prepared nor was any other material added over the
already existing gutta-percha. This material was examined 16 times by
12 different groups over a period of 0.1 to 180 days (Table 5). Gutta-
percha appears to maintain its sealing ability over time (Figs. 1 and 2).
However, the penetration ranges from 0.5 to 10.4 mm (Fig. 1).

TABLE 1. MEDLINE Search Strategy (278 articles)

# Search History Results

1 Apicoectomy 1105
2 Apicectomy 95
3 Root-end resection 50
4 Root end resection 70
5 Pulpectomy 893
6 Pulpotomy 953
7 Root canal therapy 11664
8 Root canal filling materials 3529
9 Dental pulp test 704

10 Dental pulp disease 6088
11 Periapical abscess 1272
12 Endodontics 15901
13 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 22321
14 Random*1 317435
15 Compar*2 2012298
16 14 or 15 2180989
17 (retrograde) or (retro-filling) or (retro filling) or (retrofilling) or (root-end) or (root

end)
35673

18 (obturation material) or (obturation) or (filling*) or (filling material*) 29506
19 13 and 16 and 17 and 18 278

1 Random*: randomized, randomly, randomization, etc.
2 Compar*: compare, comparatively, comparison, compared, etc.

TABLE 2. Validity Assessment Criteria*

1. Was the assignment of teeth of treatment randomized?
2. Was the randomization list concealed?
3. Was the duration of the experiment sufficiently long and

complete?
4. Were all teeth analyzed in the groups to which they were

randomized?
5. Were teeth and examiners blinded to the treatment being

received?
6. Aside from the experimental treatment, were the groups

treated equally?
7. Were the groups similar at the start of the trial?

* Derived from (69).

TABLE 3. Excluded Studies: not meeting validity criteria

Reference 1. 2. 3. 4. 5. 6. 7.

Abdel Aziz & Fahim, 1986 N N Y Y N Y Y
Barry et al, 1975 N N Y Y N Y N
Chong et al, 1991 N N Y Y N Y N
Dalal & Gohil, 1983 N N Y Y N Y N
Escobar et al, 1986 N N Y Y N Y N
Fournier et al, 1991 N N Y Y N Y Y
Gerhards & Wagner, 1996 N N Y Y N Y N
Higa et al, 1994 N N Y Y N Y N
High & Russell, 1989 N N Y Y N Y N
Kadohiro, 1984 N N Y Y N Y Y
Kaplan et al, 1982 N N Y Y N Y N
Negm et al, 1982 N N Y Y N Y N
Negm, 1988 N N Y Y N Y N
O’Connor et al, 1995 N N Y Y N Y Y
Pretorius & van Heerden,

1995
N N Y Y N Y N

Roy et al, 2001 N N Y Y N Y N
Sultan & Pitt Ford, 1995 N N Y Y N Y Y
Sutimuntanakul et al, 2000 N N Y Y N Y Y
Szeremeta-Browar et al,

1985
N N Y Y N Y Y

Tanzilli et al, 1980 N N Y Y Y Y N
Torabinejad et al, 1995 N N Y Y N Y N
Tuggle et al, 1989 N N Y Y N Y N
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Glass ionomer cement was examined 16 times by 12 different
groups over a period of 2 to 84 days. Glass ionomer cement appears to
increase sealing ability over time (Table 5, Figs. 1 and 2), with pene-
tration ranging from 0 to 4.3 mm.

EBA was examined nine times by eight different groups over a
period of 0 to 84 days. EBA appears to lose its sealing ability over time
(Table 5, Figs. 1 and 2) with penetration ranging from 0.2 to 12.6 mm.

Composites were examined 12 times by seven different groups
from 0.1 to 14 days. Composites appear to maintain their sealing ability
over time (Table 5, Figs. 1 and 2), with penetration ranging from 0.03
to 2.2 mm.

IRM was examined seven times by six different groups over a pe-
riod ranging from 0 to 7 days. IRM appears to have reduced sealing
ability over time (Table 5, Figs. 1 and 2) with penetration ranging from
0 to 2.3 mm.

MTA was examined three times by two groups over a period rang-
ing from 1 to 3 days. MTA appears to have reduced sealing ability with
penetration ranging from 0.3 to 1.4 mm, however, the number of trials
were too few and the time frames were too short for definitive inference
(Table 5, Figs. 1 and 2).

Based on the linear regression analysis (Fig. 2), the materials that
provide the best sealing after 10 days were, in decreasing order of

efficacy: composites (r2 � .34) � glass ionomer cement (r2 � .60) �
amalgam (r2 � .84) � orthograde gutta-percha (r2 � .69) � EBA (r2

� .86).

Discussion
This systematic review identified 34 in vitro studies that examined

the ability of materials used in retrograde obturation to inhibit dye/ink
penetration of extracted human teeth following apicoectomy. The re-
sults of this study indicated that for time points beyond 10 days the
materials that provide the best sealing were, in decreasing order of
efficacy: composites, glass ionomer cement, amalgam, orthograde gut-
ta-percha, and EBA. Interestingly, more than one-half of the identified
studies lasted less than 10 days.

These results can be contrasted with a recent systematic review of
in vivo retrograde obturation materials (3). The previous systematic
review identified two randomized controlled clinical trials indicating
that glass ionomer cement is slightly more effective than amalgam (22,
23). These results are similar to the current results.

However, the in vivo nonrandomized controlled clinical trials
identified in the previous systematic review, while examining more ma-
terials, yielded different data than the randomized controlled trial and
different results than the current review. Three different studies indi-
cated that orthograde gutta-percha (27), EBA (25), or composites (26)
are more effective than amalgam. Another group of studies indicated
that amalgam is more effective than retrograde gutta-percha (24).

According to the above remarks, glass ionomer cement and com-
posites seem to work better than amalgam when examined both by in
vitro and in vivo experiments. A final conclusion cannot be stated for the
other retrograde obturation materials for which the in vitro studies
provide different results than the in vivo ones.

This disparity in the results clearly raises issues around the con-
gruency of in vitro and in vivo studies. The variances might be attributed
to experimental procedures. For example, the in vitro studies examined
here used 8 different indicating agents, 10 different storage solutions,
four different irrigation solutions, five different ways, and combinations
of materials to orthograde fill the root canals, two different resection

TABLE 5. Results on Time, Penetration and Numbers of Studies and Tests

Material Time
(days)

Penetration
(mm)

Number of
studies/Times

material
tested

Amalgam 0.1–180 0.3–6.9 31/39
Orthograde Gutta-

percha
0.1–180 0.5–10.4 15/16

Glass Ionomer Cement 2–84 0–4.3 12/16
EBA cement 0–84 0.2–12.6 9/9
Composites 0.1–14 0.03–2.2 10/12
IRM 0–7 0–2.3 6/7
MTA 1–3 0.3–0.4 3/3

At the 1st column, the materials examined are presented, at the 2nd column, the range of the periods

of time (in days) the tests lasted, at the 3rd column, the range of the penetration (in millimetres) each

material allowed and at the 4th column, before the slash the number of studies that examine each

material are presented and after the slash, the number of times each material was tested.

Figure 1. (Paired Scatter) For each material, on the X-axis the time in days
(logarithmically) the materials were immersed into the indicator solution is
presented. On the Y-axis the penetration in millimeters the dye ran through the
mass of the materials as measured from the apex to the crown of the teeth is
presented.

Figure 2. (Linear Regression) For each material, on the X-axis the time in days
(logarithmically) the materials were immersed into the indicator solution is
presented. On the Y-axis the penetration in millimeters the dye ran through the
mass of the materials as measured from the apex to the crown of the teeth is
presented.
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angles, six different ways to resect the apices, seven different ways to
prepare the retrograde cavity, and 12 different time periods of indicator
immersion. The multiplicity of combinations is well over 1 million. Thus
one long-term consideration is to begin narrowing the focus and in-
creasing the standardization of in vitro studies to better anticipate in vivo
results. Clearly, additional in vitro studies following the same protocol in
every step of the experiment would augment useful information about
the sealing ability and other properties of the materials used as retro-
grade fillings.

Finally, there are two caveats: first, these are in vitro studies and the
results may not match the results from in vivo studies; and second, the
maximum time period the materials were tested was 180 days (by only
one study), which is very small when compared to the time period of
clinical use of these materials. Thus, until in vitro methods are devel-
oped that can predict in vivo effectiveness, one must question their
utility.
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