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ABSTRACT

INTRODUCTION: Various kinds of dye infiltration protocols for the inspection of microleakage in compos-
ite and ceramic restorations have been described in the literature.

AIM: The aim of this article is to briefly present the different staining methods used to inspect microleak-
age in composite and ceramic restorations.
MATERIALS AND METHODS: This review includes articles searched without date restriction in the Med-

» «

line/PubMed database. A variety of keywords and their combinations were used: “microleakage”, “staining

methods”, “ceramic restorations”, “fuchsine”, “methylene blue”, “silver nitrate”, “composite restorations”,
“dye infiltration”.

RESULTS: The review was based upon 71 references. The literature provided information regarding the dif-
ferent staining protocols used for the inspection of microleakage in composite and ceramic restorations.

CONCLUSION: Numerous types of protocols have been reported. The most common staining agents used
for research purposes are fuchsine, methylene blue, and silver nitrate. In order to make the results between
different experimental studies comparable, it will be beneficial to have standardized methodologies.

Keywords: microleakage, direct restorations, indirect restorations, staining methods, fuchsine, methylene
blue, silver nitrate

INTRODUCTION

Microleakage is recognized as a phenomenon
which has many different aspects and features (1).
The definition for microleakage described in the lit-
erature is “the clinically undetectable passing of flu-
ids, bacteria, molecules and ions between the tooth
preparation walls and the restorative material” (2).

Address for correspondence:

Sabina Keremedchieva

Faculty of Dental Medicine

Medical University of Varna

84 Tzar Osvoboditel Blvd

9002 Varna, Bulgaria

e-mail: sabina.keremedchieva@gmail.com

Received: August 18, 2023
Accepted: September 30, 2023

Microleakage around the restorative margins
may lead to the failure of the restoration. The forma-
tion of a marginal gap is linked to caries and pulpal
pathology (3,4). Microleakage may also cause sensi-
tivity and poor aesthetics (5).

Adequate sealing of the interface between the
cavity walls and the restoration is essential in order to
minimize microleakage (6). The reduction of micro-
leakage to the greatest extent possible guarantees the
long-term success of the treatment (7). No restorative
material is able to fully eliminate microleakage, es-
pecially at the dentine-cementum margins (8). Larg-
er areas of exposed dentine during tooth preparation
increase the prospects of microleakage. (9) Enam-
el margins allow greater marginal sealing than den-
tine-cementum margins (10). One of the techniques,
which aim to reduce microleakage, is immediate den-
tin sealing by Pashley et al. (11). It is also called prehy-
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bridization or dual bonding technique (12). Immedi-
ate dentine sealing is a method which seals exposed
dentin tubules immediately after tooth preparation,
but some aspects of the technique need further in-
vestigation (13,14). Unfortunately, despite the inno-
vations in dental materials and techniques, complete
marginal sealing is yet to be achieved (15).

The sealing properties of restorations can be
tested both in vivo and in vitro. A wide variety of test-
ing protocols and methodologies is reported in the
literature (16,17). No standardization of microleak-
age inspection protocols has been established yet (18).
Dye infiltration using different staining agents is one
of the most popular techniques for the assessment of
marginal sealing (19,20,21). It visualizes in color the
degree of microleakage at the tooth-restoration in-
terface without using any specific chemical reactions
or hazardous substances (22,23). The most common
staining solutions used in experimental studies are
tuchsine, methylene blue, and silver nitrate (18).

Specimens usually undergo thermocycling and
mechanical loading before executing the staining
protocol. Thermocycling refers to the exposure of
the dental materials and teeth to fluctuations in tem-
perature (24) in order to imitate the conditions in the
oral cavity while eating and drinking (25-30). On the
other hand, in vitro mechanical loading attempts to
mimic the forces applied to the teeth during mastica-
tory function or grinding. This may lead to deteriora-
tion of the restorative margins and materials, which
corresponds to a prolonged exposure of the teeth to
these forces in the mouth (31-34).

AIM

The main objective of this literature review is to
present a variety of staining protocols for the inspec-
tion of microleakage in composite and ceramic resto-
rations used in experimental studies.

MATERIALS AND METHODS

This literature review includes data from scien-
tific articles. Articles searched without date restric-
tion in the Medline/PubMed database were taken
into consideration. A variety of keywords and their
combinations were used: “microleakage”, “staining

methods”, “ceramic restorations”, “fuchsine”, “meth-
»  « » « .

ylene blue”, “silver nitrate”, “composite restorations”,
“dye infiltration”.

RESULTS

The review is based upon 71 references. The
collected data provided information on the differ-
ent staining protocols used in experimental research
studies inspecting the microleakage of composite or
ceramic restorations.

Protocols Featuring Fuchsine Staining

Fuchsine is an aniline dye with purplish-red
color, when dissolved in water. It has a wide variety of
uses such as: industrial dye, disinfectant, and stain-
ing agent of biological tissues (35,36).

According to the literature, one of the most fre-
quently applied protocols in fuchsine staining is the
use of 0.5% fuchsine solution for a total of 24 h.

Brian J Kenyon et al. researched microleakage
in indirect composite restorations. The specimens
were subjected to thermocycling for a total of 1000
cycles with a temperature range from 5°C to 55°C.
The samples were covered with a layer of nail var-
nish and submerged in 0.5% basic fuchsine solution
for 24 h. After thorough irrigation with water, the
teeth were separated and investigated under a stereo-
microscope with 10x magnification to register stain-
ing penetration (37).

Bulent Uludag et al. observed microleakage
scores in ceramic inlays. Their samples were subject-
ed to 100,000 cycles of mechanical loading of 50N at
1.6 Hz in 37°C water. The prepared teeth were then
stained with 0.5% basic fuchsine solution for 24h.
The samples were separated using a low-speed dia-
mond blade and dye penetration was evaluated (38).

Kumbuloglu Ovul et al. inspected microleakage
in indirect restorations using the following protocol:
the samples were subjected to thermal cycling for a
total of 6000 cycles with temperature range between
5°C and 55°C for 30 sec each. The specimens were
then stained with 0.5% basic fuchsine solution for 24
h. Microleakage scores were evaluated using a stereo-
microscope with 40x magnification (39).

Esra Uzer Celik et al. subjected their samples to
thermocycling for a total of 1000 cycles with temper-
ature ranging between 5°C and 55°C for 30 sec each.
An application of 1 layer of nail varnish followed,
leaving 1 mm around the margins of the restorations.
The specimens were immersed in 0.5% basic fuch-
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sine solution for 24 h. Microleakage was evaluated
under a stereomicroscope at 30x magnification (40).

P. Hahn et al. did an experimental study on mi-
croleakage in porcelain inserts. Their samples were
subjected to thermocycling for a total of 1000 cycles
with temperature range between 5°C and 55°C for 30
sec each. Then the prepared teeth were immersed in
0.5% basic fuchsine solution for 24 h. After section-
ing the samples, microleakage scores were evaluated
under a stereomicroscope at 40x magnification (41).

Ali Eslambol Nassaj et al. prepared their spec-
imens in the following way: the teeth were exposed
to 500 thermal cycles with temperature ranging be-
tween 5°C and 55 °C. They sealed the apex area with
composite and applied 2 layers of varnish on the teeth,
avoiding the restorative margins. Then the specimens
were submerged in 0.5 % fuchsine solution for 24 h
and mounted in a polyester resin mold (42).

Other fuchsine protocols feature the studies de-
scribed below.

Rita de Cassia Silva Duquia et al. inspected mi-
croleakage in indirect composite inlays in their ex-
perimental study. Their samples were submitted to
thermolcycling and a layer of nail varnish was ap-
plied afterwards. The specimens were then stained
with 2% basic fuchsine dye for 24 h. A precise sec-
tioning of the samples was followed by a microscopic
inspection under 40x magnification (43).

Saturnino Calabrez-Filho et al. subjected their
sample teeth restored with indirect composite inlays
to thermocycling. A total of 1000 thermal cycles were
executed with temperature ranging between 5°C and
55°C for 15 sec each. After that, the teeth were dyed
with 0.5% basic fuchsine solution for 12 h, washed
under running water and separated through the cen-
ter of the inlays. Microleakage inspection was per-
formed afterwards (44).

D. Ziskind et al. thermocycled 750 times their
sample teeth which were restored with indirect com-
posite restorations. The specimens were stained with
2% basic fuchsine solution and then separated in 3
planes. Penetration scores were microscopically eval-
uated (45).

Martin Rosentritt et al. inspected microleakage
in teeth restored with ceramic inlays.

The research team prepared their specimens
using the following protocol: the samples were load-

ed with an axial force of 50N 106 times and thermo-
cycled 6000 times with temperature ranging between
5°C and 55°C for 2 min each. Then the teeth were
covered with nail varnish excluding the preparation
margins and immersed in 0.5% basic fuchsine solu-
tion for 16h. Microleakage was inspected microscop-
ically under 12x magnification (46).

G. Schmalz et al. researched microleakage in
ceramic inlays using the following protocol: the spec-
imens were subjected to thermocycling 5000 times
with temperature range between 5°C and 60°C for 60
sec each and mechanical loading 500000 times with
72N force. All of the teeth were covered with a lay-
er of nail varnish, except for the area of the prepara-
tion margins. Then they were immersed in 0.5% ba-
sic fuchsine solution for 16 h. After thorough irriga-
tions with water, they were sectioned in mesiodistal
direction and microleakage scores were microscopi-
cally evaluated (47).

A. N. Ozturk et al. inspected microleakage in
teeth restored with ceramic inlays. The samples were
thermocycled 100 times with temperature range be-
tween 5°C and 55°C for 30 sec each. Then they were
coated with nail varnish, leaving 1 mm around the
edges of the restoration. The specimens were im-
mersed in 0.2% basic fuchsine solution for 24 h, wa-
ter irrigated and sectioned in vestibulolingual direc-
tion. Microleakage scores were evaluated using a ste-
reomicroscope (48).

Alireza Keshvad et al. inspected microleakage
in leucite-reinforced ceramic inlays using the fol-
lowing methodology: the samples were thermocy-
cled 5000 times with temperature range between 5°C
and 55°C for 60 sec each. Nail varnish was applied all
over the teeth except for 2 mm around the prepara-
tion margins. The specimens were then immersed in
0.2% basic fuchsine solution for 24 h. Microleakage
was registered using a stereomicroscope at 40x mag-
nification (49).

U. Hasanreisoglu et al. inspected microleakage
in indirect composite inlays using the following pro-
tocol: the samples were thermocycled and submerged
in a basic fuchsine solution for 24 h. Then they were
sectioned in mesiodistal direction. The penetration
of the staining agent was evaluated using a stereomi-
croscope (50).
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L. Karaagaclioglu et al. inspected microleakage
in indirect composite inlays. The prepared samples
were subjected to thermal cycling, followed by an im-
mersion in basic fuchsine solution for 24 h. Microleak-
age score was evaluated using a stereomicroscope (51).

M. Thordrup et al. used sample teeth restored
with ceramic and composite inlays in their experi-
mental study. The samples were subjected to thermo-
cycling for 2500 cycles with temperature range be-
tween 12°C and 62°C. After nail varnish application
excluding the 1 mm area around the restoration mar-
gins, the teeth were immersed in basic fuchsine so-
lution for 24 h. Then they were irrigated under run-
ning water and sectioned. Microleakage was micro-
scopically assessed at 125x or 250x magnification (52).

Protocols Featuring Methylene Blue Staining

Methylene blue is a dye and a drug used in med-
icine (53, 54). When dissolved in water, it has a deep
blue color and is widely used as a staining agent and
an indicator (55).

Aguir Mabrouk Najet et al. used the following
protocol to prepare their samples for microleakage
inspection in composite restorations: the specimens
were subjected to thermocycling with temperature
range from 6°C to 60°C. A daily cycle of 45 min at
6°C, followed by 45 min at 60°C was executed 4 times
in a row for a total of 5 consecutive days. Afterwards
the specimens were covered with 2 coats of varnish
and submerged in 2% methylene blue solution for 48
h. In the end, the samples were rinsed with water for
15 min. Microleakage was evaluated under a stereo-
microscope 6.5x zoom by 2 observers (56).

David A. Gerdolle et al. inspected microleak-
age in indirect composite inlays using the following
staining protocol: half of the total number of inlays
included in the study underwent 2000 thermal cycles
with temperature range from 5°C to 55°C. The other
half was not subjected to thermocycling. All the spec-
imens were stained with 1% methylene blue solution
for 48 hours and inspected microscopically (57).

Fereshteh Shafiei et al. used the following meth-
odology for microleakage evaluation in indirect res-
torations. The samples were immersed in 1% meth-
ylene blue solution for 24 h, followed by precise sec-
tioning and inspection under a stereomicroscope
with 20x magnification (58).

For the inspection of microleakage in indirect
restorations Everton Ribeiro Dos Santos and Adair
Luis Busato thermally cycled their samples for 30 sec
at 5°C and 30 sec at 55°C, executing a total of 500 cy-
cles. Afterwards, the samples were placed in methy-
lene blue solution for 24 h and inspected under ste-
reomicroscope by 2 blinded observers (59).

Rogéli Tiburcio Ribeiro Peixoto et al. inspect-
ed microleakage in indirect composite inlays in their
experimental study. The samples were thermocy-
cled 500 times with temperature range from 5°C and
55°C. Afterwards they were stained with 2% methy-
lene blue dye for 24 h. Microleakage score was micro-
scopically evaluated (60).

Cristiane Soares Mota et al. prepared their sam-
ples in the following manner: they applied varnish
over teeth restored with ceramic inlays. The sam-
ples were then dyed with 2% methylene blue for 8 h
and washed under running water. The research team
made 3 sections through the restorations and micro-
leakage was inspected microscopically (61).

S. Deliperiet al. did the following: the restored
teeth were thermocycled 500 times at temperatures
of 5°C and 55°C. The apex area of the teeth was cov-
ered with wax and the crown was coated with var-
nish, except for the restoration margins. The sam-
ples were embedded in acrylic resin. All specimens
were immersed in 0.5% methylene blue solution for
24 hours. The teeth were rinsed with water and sec-
tioned. Dye penetration was examined by two spe-
cialists under a stereomicroscope at 20x magnifica-
tion (62).

Tapan Satish Yeolekar et al. prepared their sam-
ple teeth in the following way: 200 thermal cycles
with a temperature range between 5° to 55°C were
executed. Then the teeth were coated with 2 layers
of varnish leaving a 2 mm border around the restor-
ative margins. The specimens were submerged in 1%
methylene blue solution for 24 hours. After washing
under running water, the teeth were sectioned in me-
siodistal direction and microleakage was evaluated
under a stereomicroscope at 10x magnification (63).

Protocols Featuring Silver Nitrate Staining

Silver nitrate is an inorganic compound used as
an astringent, disinfectant, a precursor in the making
of other silver-containing compounds, in the mak-
ing of photographic films and as a biological stain-
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ing agent (64,65). It becomes black, when exposed to
light or organic material.

In order to evaluate marginal microleakage in
indirect onlay restorations, Isabel Sinche-Ccahua-
na et al. used the following protocol for their in vi-
tro study: the samples were subjected to thermocy-
cling 10000 times with temperature range between
5°C and 55°C. The restored teeth were stained with a
silver nitrate solution for 24 h in darkness, rinsed for
5 min, and placed in a photoreflective solution under
fluorescent light for 8 h. Afterwards the specimens
were precisely cut mesiodistally and observed un-
der a stereomicroscope with 20x magnification to in-
spect the microleakage in the area of the cervix (66).

Terry J. Fruits et al. inspected microleakage us-
ing the following methodology: their samples were
covered in nail polish, except for 1 mm around the
restorative margins. The specimens were stained
with silver nitrate solution for 2 h in darkness, irri-
gated with water for 1 min and then immersed in ra-
diographic developing solution for 6 h under fluores-
cent lighting. After thorough rinse and sectioning of
the samples, dye penetration was evaluated micro-
scopically (67).

E. A. Hasegawa et al. did an experimental study
on microleakage in indirect composite inlays. Their
samples were subjected to thermal cycling 300 times
with temperature ranging between 5°C and 50°C.
The specimens were then immersed in silver nitrate
for 2 h with the absence of light, rinsed with running
water and placed in photo-developing solution for 6
h under fluorescent lighting. The teeth were precise-
ly sectioned and investigated for microleakage using
a microscope with 100x magnification (68).

W. Romdo Jr. et al. used teeth with ceramic in-
lays in their experimental study. The samples under-
went mechanical loading of 100000 cycles with 78N
force and 700 thermal cycles with temperature rang-
ing from 5°C to 55°C. Then they were placed in silver
nitrate in darkness, precisely sectioned in mesiodis-
tal direction and inspected for dye penetration with
40x magnification on an optical microscope (69).

Ella A. Naumova et al. inspected microleakage
in teeth restored with ceramic inlays.

The samples were thermocycled 5000 times
with temperature ranging from 5°C to 55°C. They
were covered with 2 layers of superglue excluding a

0.5 mm border around the restorative margins. The
specimens were immersed in silver nitrate for 6 h, il-
luminated and developed. Then they were embedded
in Technovit 9100, sectioned and microleakage was
evaluated under a scanning electron microscope at
500x magnification (70).

José Roberto de Oliveira Bauer et al. prepared
their samples Subsequently, the crowns of the spec-
imens from all groups were coated with three layers
in the following way: the specimens were coated with
3 layers of varnish, excluding 1 mm area around the
restorative margins. Then they were immersed in a
50% silver nitrate solution in darkness for 2 hours.
After rinsing under running water, they were im-
mersed in a photo-developing solution and exposed
to fluorescent light for 8 hours. The samples were
sectioned and microscopically evaluated (71).

DISCUSSION

Staining protocols for microleakage inspection
are not standardized (18). The research team decides
which protocol to use in their experimental study.
There is a wide variety of methodologies to choose
from.

CONCLUSION

Numerous types of staining protocols for mi-
croleakage evaluation have been reported in the liter-
ature. The most common dyes used for research pur-
poses are fuchsine, methylene blue, and silver nitrate.
In order to make the results between different stud-
ies comparable, it will be beneficial to have standard-
ized protocols (18).
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