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Adhesion and Decontamination Methods
on Leakage, Bond Strength and Marginal
Adaptation: A Scoping Review

GHAIDA RAJA ALTHEBETI

ABSTRACT

Introduction: Composite resin restorations require isolation
and precise adhesive procedures to achieve durable bonding.
Contamination may affect the bond strength and marginal
integrity. However, effective decontamination protocols under
different contamination conditions remains unclear.

Aim: To explore the effect of contamination at different stages of
adhesion, and decontamination on the bond strength, leakage,
and marginal adaptation of direct composite resin restorations.

Materials and Methods: A literature search was conducted
in two databases (PubMed and Scopus) to include studies
published between January 1, 2015, and December 31, 2025. The
search was conducted at Umm Al-Qura University, Saudi Arabia,
to identify relevant studies. Original English-language studies
investigating the effect of contamination with saliva, blood, or
haemostatic agent on direct composite resin restorations bonded
to enamel, dentin, or between composite layers, with reported

INTRODUCTION

Composite resin materials are the most popular and frequently
selected material by dental practitioners for direct tooth restorations
across a broad range of countries. The placement of a durable
composite restoration is considered a clinical challenge by many
dentists and is reported to be a complex, multi-step procedure
where maintaining a dry cavity during composite bonding is regarded
critical for success and durability [1]. Total isolation during direct
adhesive composite resin placement, therefore, is a key factor in
increasing bond strength, as supported by existing evidence [2].
Salivary contamination during adhesive procedures has been shown
to significantly reduce the bond strength of SE Adhesive Systems
[3]. In addition, saliva contamination has been shown to impair
marginal and internal adaptation, particularly when contamination
occurs after adhesive placement, resulting in significant deterioration
of marginal and internal adaptation of the composite restoration in
dentin [4]. Saliva may further compromise composite restorations.
As it has been shown to increase microleakage in composite
restorations when contamination occurred within the first 10
seconds of light curing [5]. Blood contamination may also adversely
affect bond strength. Studies demonstrate that contamination
with blood significantly reduced the bond strength of universal
adhesive systems when applied in both Etch-and-Rinse (ER) and
SE strategies [6].

The stage at which contamination occurred is another important
factor influencing bond strength. Saliva contamination has been

outcomes of bond strength, marginal/internal adaptation, or
microleakage, were included.

Results: A total of 1,041 articles were initially identified, and
36 studies were finally included. Saliva, blood, or haemostatic
agents adversely affected the bonding performance of direct
composite resin restorations. Evidence regarding microleakage
and marginal adaptation was limited. Decontamination strategies
demonstrated variable effectiveness in restoring bond strength,
depending on the type of contaminant.

Conclusion: The stage at which contamination occurs and the
adhesive system may affect the bond strength of composite resin
restorations. Blood contamination showed a more negative effect
on bond strength when it occurred after adhesive curing, whereas
the effect of saliva at different adhesive stages remains variable.
Decontamination of saliva through water rinsing, followed by air
drying and reapplication of adhesive, demonstrated favorable
outcomes with Self-Etch (SE) adhesives.

Keywords: Blood, Dental bonding, Haemostatic, Saliva

to affect bond strength differently according to the step at which
the contamination occurred [7]. Similarly, the use of ferric sulfate
haemostatic agents has been reported to compromise the Shear
Bond Strength (SBS) of universal adhesives bonded to dentin.
Therefore, thorough removal of haemostatic agents prior to dentin
bonding is critical to maintaining durable adhesion [8].

To re-establish bond strength following contamination, a
decontamination step is recommended [3]. Various decontamination
methods have been investigated, including ethanol application, acid
etching, and water rinsing. However, the current literature remains
inconclusive regarding the effective decontamination protocols
for specific contaminants and at different stages of the adhesive
procedure.

Therefore, this review aimed to explore the effects of contamination with
saliva, blood, and haemostatic agents at different stages of composite
resin restoration adhesion and the effect of decontamination methods
on the bond strength, leakage, and marginal adaptation of direct
adhesive composite resin restorations.

MATERIALS AND METHODS

Search strategy: A literature search was conducted in two
databases (PubMed and Scopus) to include articles published
between January 1, 2015, and December 31, 2025. The final
search of both databases was conducted on January 12, 2026.
No additional databases or other sources were searched. The
reference lists of the included articles were not manually screened
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for additional studies. All retrieved records were screened by a

single reviewer based on titles and abstracts, followed by full-

text assessment for eligibility according to a predefined inclusion

and exclusion criteria. No automation tools were used during

the screening process. This scoping review was conducted in

accordance with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses extension for Scoping Reviews

(PRISMA-ScR) framework; however, this review was not

prospectively registered. No protocol was submitted to a public

registry prior to conducting the review.

Inclusion criteria:

1. Original research articles;

2. Published in English;

3. Published from 2015 to 2025;

4. Articles evaluating contamination effect with these
contaminants: Saliva, Blood, or Haemostatic agents, with or
without the application of a decontamination protocol;

5. Articles involving a decontamination protocol being used, all
reported decontamination approaches were considered;

6. Outcomes assessed: bond strength, marginal and internal
adaptation, and microleakage;

7. Articles involving direct composite resin restorations;

Articles involving adhesion to enamel, dentine, and between
composite layers.

Exclusion criteria:
1. Articles that are not original research;
2. Articles that are not in English;

3. Articles that do not involve contamination or decontamination
Processes;

4. Articles that evaluate materials other than direct composite
restorations;

5. Articles that assess features other than bond strength,
microleakage, or marginal and internal adaptation;

Articles on orthodontic appliances;
7. Articles on fissure sealants.
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Study Procedure

Data extraction was performed by the same reviewer using a pre-
determined extraction form developed prior to this review. The
extracted information included the publication year, authors, study
title, aim, type of contaminant, substrate (dentin, enamel, between
composite layers), sample type and size, the measured outcome
or feature, the decontamination protocol applied, and the main
results reported in the included studies. Study investigators were
not contacted to obtain or confirm additional data. The full search
strategy in PubMed and Scopus is shown in [Table/Fig-1].

RESULTS

A total of 1,041 records were identified; after title screening, 972
were excluded. Of 69 records assessed by abstract, 33 were
excluded. Of 39 reports sought for retrieval, 3 were not retrieved. A
total of 36 studies were included. The screening process followed
the the PRISMA 2020 flow diagram and is shown in [Table/Fig-2]. A
total of 36 articles were included in the review [3,6-40]. The included
articles are summarised in [Table/Fig-3-5] [3-40].

The Effect of Contamination

Among the reviewed articles, 29 evaluated the effect of contamination
on bond strength of tooth structure [3,6-9,14-29,31,32,35-40], two
of them evaluated the effect of contamination on both bond strength
and leakage [11,12], one article was on microleakage alone [10],
one assessed its impact on marginal adaptation [13], and three
articles evaluated the effect of contamination on the bond strength
between composite layers and demonstrated that saliva and blood
contamination significantly reduced it [30,33,34].

The effect of saliva contamination on bond strength was
investigated in 21 articles [3,6,7,9,12-19,29-33,37-40] with
20 reporting a reduction in bond strength following saliva
contamination  [3,6,7,9,12,13,15-19,29-33,37-40], while one
found no significant difference [14]. One article evaluated the
effect of severe saliva contamination on leakage and reported that
it increased microleakage [12]. No studies evaluated the effect of
saliva contamination on marginal adaptation.

Eleven articles evaluated the effect of saliva and/or blood
contamination at different adhesive stages [7,15-19,27,31,35,36,39]
six of them reported that the stage at which contamination occurred

strength”(Title/Abstract) OR “dentin bonding agents”(Title/Abstract) OR “Dental Marginal
Adaptation”(Mesh) OR “Dental Leakage”(Mesh) OR “microleakage”(Title/Abstract) OR
“marginal adaptation”(Title/Abstract) OR “marginal seal”(Title/Abstract) OR “marginal
integrity”(Title/Abstract) OR “gap formation”(Title/Abstract) OR “internal adaptation”(Title/
Abstract) OR “internal”(Title/Abstract) OR leakage*(Title/Abstract) OR fitting*(Title/Abstract)
OR margin*(Title/Abstract) OR gaps*(Title/Abstract) OR adapt*(Title/Abstract)

Database PubMed Scopus
“Decontamination/methods”(Mesh) OR “Saliva”(Mesh) OR “Blood”(Mesh) OR .- - N -
“Haemostatics”(Mesh) OR “Vasoconstrictor Agents”(Mesh) OR “ferric sulfate” OR “ferric Eontamm 9 R decontammlO*R blof)d .OR sahvz% OR“ .

- . . o . . " e aemostat* OR vasoconstrict* OR “ferric sulfate” OR “ferric

#1 chloride” OR “aluminum chloride” OR “haemostatic agent” OR contamin*(Title/Abstract) chloride” OR “aluminum chloride” OR “haemostatic agent™
OR decontamin*(Title/Abstract) OR blood*(Title/Abstract) OR saliva*(Title/Abstract) OR
haemostat*(Title/Abstract)

“Composite Resins”(Mesh) OR “Dental Restoration, Permanent”(Mesh) OR “Dental “composite resin*” OR “restor*” OR composite* OR resin*

#2 Enamel”(Mesh) OR “Dentin”(Mesh) OR composite*(Title/Abstract) OR resin*(Title/Abstract) OR dentin* OR enamel*

OR dentin*(Title/Abstract) OR enamel*(Title/Abstract)

“Dentin-Bonding Agents”(Mesh) OR “Adhesives”(Mesh) OR “Dental Cements”(Mesh) OR

adhesives*(Title/Abstract) OR bond*(Title/Abstract) OR “dental bonding”(Title/Abstract) “dentin-bonding agent*” OR adhesive* OR bond* OR

OR “bonding efficacy” OR “bond strength”(Title/Abstract) OR “bonding performance” “dental bond*” OR “bond efficacy*” OR “bond strength*”

OR “bonding effectiveness” OR “bond performance” OR “adhesive properties” OR OR “bond perform*” OR “bond effect*”” OR “adhesive

“microtensile strength”(Title/Abstract) OR “micro-tensile strength” OR “microtensile properties® OR “microtensile strength*” OR “micro-tensile
#3 bond strength”(Title/Abstract) OR “shear bond strength” OR “micro shear bond strength*” OR “microtensile bond strength*” OR “shear

bond strength*” OR “micro shear bond strength*” OR
margin* OR gap* OR adapt* OR internal* OR “marginal
adapt™ OR “dental leakage™” OR “microleakage” OR
“marginal seal”” OR “marginal integrity”” OR “gap form
OR “internal adapt*” OR leakage* OR fit*

*9

#1 AND #2 AND #3

#1 AND #2 AND #3

Filters applied

Adaptive Clinical Trial, Classical Article, Clinical Study, Clinical Trial, Comparative Study,
Consensus Development Conference, Controlled Clinical Trial, Corrected and Republished
Article, Equivalence Trial, Evaluation Study, Government Publication, Observational Study,
Pragmatic Clinical Trial, Randomised Controlled Trial, Randomised Controlled Trial,
Veterinary, English

Limited to Dentistry
Limited to Article
Limited to English
Limited to Journal
Publication stage
Limited to Final

Publication year

From 2015 to 2025

From 2015 to 2025

[Table/Fig-1]: Full search strategy in the databases.
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[ R Caton ol S d T e A e ] may influence the bond strength [1 5,1 7-19,35,39] while five r.epor’(ed
. it may not [7,16,27,31,36]. No article evaluated haemostatic agent
H ) contamination effect at different adhesive stages.
3 Records identified from Reeoickperdathans: . . . .
g databases (n=1041) SCOPUS: (n=819) Blood contamination effect on bond strength was investigated
g PubMed: (n=222) in 13 articles [6,11,14-16,26,28-31,34-36] All but one of
L these studies reported a significant reduction in bond strength
l following blood contamination; one study found no statistically
) o significant difference [14]. One article evaluated the effect of
Records screened (n=1041) > f.‘,i"{:{,:,‘?(‘:’;‘é;#%?"°" feeeeas blood contamination on leakage in addition to bond strength
l [11]. No articles evaluated the effect of blood contamination on
Reports excluded on the ba i i

iy :bzf;gte on the bases marginal adaptation.
Reports assessed for eligbilty ;e ) The effect of haemostatic agent contamination on bond strength
(n=69) material_toir(ler::e;n direct was evaluated in 11 articles [6,8,14,20-26,28]. Ferric sulfate was

composite (n=
@ - Recgrdsl on resin cements: reported to reduce bond strength in three articles [6,8,20], but
E . ‘;::grds on contaminants showed no significant effect in another three [14,21,22]. Aluminum
3 g‘he"ha‘?“""a- blood, or chloride reduced bond strength in eight articles [6,14,20,21,23-
iemostatic agents: (n=7) . ) o

) Rt;elc?mi?npﬁmawleelh 26], while one article reported no significant effect [8]. One
- ?zrég{::;; u)n composite tubes article evaluated the effect of three types of haemostatic agents
] g‘:;o)rds Sajsrlai contamination on leakage [10] while no articles evaluated the effect
v humidity (n=1) of haemostatic agent contamination alone on marginal adaptation.
. _ One article assessed the combined effect of blood and haemostatic
Pl foristiees ] e evGinalle agent contamination on marginal adaptation and reported no

=) ¢ significant effect [13].
— One article evaluated the effect of a blood-saliva mixture on bond

= o !

§ Studies included in the review strength and reported a significant rgduotlon [27]. The effect of
B [ | (n=38) a mixture of blood and a haemostatic agent on bond strength
L= similarly demonstrated reduced bond strength [29]. Eight articles

[Table/Fig-2]: Flowchart of the selection process following the PRISMA 2020 flow evaluated the effects of more than one contaminant on bond
clagran: strength [6,14,15,26,28-31].

Surface test-
Authors/ Contaminant Stage of Type of adhesive ed/Feature Decontamination pro- Effect of Effect of
Year tested contamination used evaluated tocol contamination decontamination
- Single Bond Universal L
. (3M ESPE, Neuss, . . Decoqtammahon by
After adhesive Germany) - Air-drying air drying, followed by
applicationand | Al-Bon dyUniversaI - Dentin/ - Rinsing followed by Blood reduced adhesive reapplication
. light curing . drying or by water rinsing,
Kucukyilmaz (Bisco Inc., . . . . uTBS when f
Microtensile - Air-drying followed by - followed by adhesive
Eetal, Blood . Schaumburg, IL, USA) f o contamination o
After adhesive ) Bond adhesive reapplication . reapplication, restored
2017 [35] - - Clearfil S3 Bond o ) occurred after light
application Plus (one-step SE) strength - Rinsing and drying curin the bond strength when
before light (Kurara NoritF;ke (UTBS) followed by adhesive 9- contamination occurred
curing Dental K\c Tokvo reapplication before adhesive light
Japan) v Yo, curing.
- Ferric sulfate Phosphoric acid restored
Haemostatic - Water rinsing significantly the SBS in aluminum
. . [+ i i i inati
e | (%, | corssang | S10SEONES | oy | ook phopwoan | [SXbcsibond | Cnecontaminaton
MM et agl 25% ° the adhesive Deutshland GmbH Y - Katana Cleaner - Alumi%ur.n chloride | of the cleanin me’thods
v 2 protocol ’ - (SBS) - Air abrasion with 27 p e 9
2024 [8] aluminum Neuss, Germany) : ) ! didn’t significantly | restored the SBS.
aluminum oxide particles
chloride reduce bond Katana Cleaner and air
strength. abrasion had inferior results.
- All tested
- Water rinsing followed decontamination
. . : protocols restored the
- After adhesive by drying, and adhesive bond strenath when
application All-Bond Universal - Dentin/ reapplication contaminat?on occurred
El-Saft and light adhesive single ste - Grinding with sandpaper, | Saliva significantly before adhesive liaht
MMM Zt al Saliva curing (SEa dhesiveg); (Biscg - Microshear followed by water rinsing, | reduced the bond curin 9
2024 [16] v - After adhesive InG... Schaumbura. IL bond drying, and adhesive strength at both - Onl %thanol was
application o 91 strength reapplication bonding stages. Y
) USA) able to restore the
before light (USBS) - Ethanol followed by bond strenath when
curing rinsing, drying, and ) g
adhesive reapplication contamination occurred
after adhesive light
curing.
Two-step SE adhesive: - 10-Methacrviovioxydecyl | ~ Saliva reduced
Clearfil SE Bond 2 . ryloyloxyaecy the bond strength | - KC and CSE2p restored
) Dihydrogen Phosphate S . ;
(Kuraray Noritake Dental (10-MDP)-containing significantly with the bond strength in the
Etiennot L et Before starting Inc., Tokyo, Japar) - Dentin/ Katana Cleaner (Kuraray Lr;ei)vg?s;;%ﬁ)wesive ggﬁssﬁsg SE universal
Saliva the adhesive - Noritake) (KC) ) o ' )
al., 2025 [9] protocol One-step SE adhesive: | (TBS) - Saliva didn’t - For the two-step
ot oMDpaanng | [elend | SEadee
y primer (Clearfil SE Bond 9
Dental Inc., Tokyo, ) the two-step SE not needed.
2 Primer) (CSE2p)
Japan) adhesive.
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2 Universal adhesives - Water rinsing.
in SE mode: - Water rinsing followed by - No decontamination
- After adhesive | - Clearfil Bond adhesive reapplication protocol applied was
application Universal Quick - Dentin - Contamination able to restore the
Moharam A mixture of and light (Kuraray Noritake (Sound and | Ethylenediaminetetraacetic | significantly reduced uSBS.
curing Dental Inc., Tokyo, Caries- Acid (EDTA) followed by bond strength
LMetal., blood and . - . -
; - After adhesive Japan). affected)/ water rinsing and adhesive | regardless of - The CHX application
2023 [27] saliva o o L .
application reapplication contamination showed the highest
before light - All-Bond-Universal - (USBS) - Chlorhexidine (CHX) stage. uSBS and was
curing (Bisco Inc., followed by water significantly better than
Schaumburg, IL, rinsing and adhesive EDTA.
USA) reapplication
3 universal adhesives
were used in 2 etching
- Before acid mode SE or E&R:
etching inthe | - Single Bond
Racestryptine E&R adhesive Universal (3M Oral - Bond strength was
Noppawon Haemostatic system Care; St Paul, MN - Dentin/ significantly lower
S eE()F;I 9 agent - Before USA) - No decontamination in the SE mode. None
5029 [é 4] (Contains adhesive - OptiBond Universal - (UTBS) method was tested - No significant
aluminum application (Kerr Corporation, H effect in the E&R
chloride) in the SE Orange, CA, USA) mode.
adhesive - Clearfil Universal
system Bond Quick (Kuraray
Noritake Dental Inc.,
Tokyo, Japan)
- Water rinsing followed
by air drying and
adhesive - No decontamination
Tehlan H After adhesive One-step SE adhesive: | Dentin/ - Watgr rinsing foIlIowed Saliva contamination method restored the
' o by air drying, acid o bond strength.
and Garg A | Saliva application and . . . significantly reduced
. ) Tetric N-Bond (lvoclar etching, and adhesive - Ethanol showed
2022 [3] light curing ) - (SBS) R the bond strength. )
Vivadent) reapplication the most effective
- Water rinsing followed decontamination.
by ethanol and adhesive
reapplication
- Blood
- Ankaferd
Blood Single Bond Universal
Stopper (8M Oral Care, St. Paul,
Goncu TB (Ankaferd . MN,lUSlA) with three . All evaluated
. Drug, Before starting | application protocols: - Dentin/ — .
and Yilmaz . - No decontamination contaminants
Istanbul, the adhesive None
NA. 2022 - method was tested reduced bond
28] Turkey) protocol (No preconditioning or | - (SBS) strength significantly
- Mixture of preconditioning with
Blood and the 35% phosphoric,
Ankaferd or 1% gallic acid).
Blood
Stopper
- 7" generation SE
adhesive:
Adper EasyOne (3M A s
ESPE, St. Paul, MN, Air-drying didn’t restore
USA) - Air drying alone bond strength.
Mohan MC After adhesive o . - Dentin/ ) . Saliva contamination | - Adhesive reapplication
. - - 8" generation - Air drying followed . ) :
etal. 2023 Saliva application and . ’ - reduced SBS in after air drying restored
) ) universal adhesive by reapplication of . .
[38] light curing . ) - (SBS) : both adhesives. bond strength in the
used in SE mode: adhesives " ; !
8" generation adhesives,
Futurabond DC but not the 7"
(VOCO GmbH, '
Cuxhaven,
Germany).
Haemostatic
agent: E&R mode: - Contamination
Traxodent - Scotchbond Multi- significantly
Haemodent Purpose (3M ESPE, reduced SBS after
Paste St. Paul, MN, USA) thermocycling
Retraction - All-Bond Universal when using All-
System (Bisco, Schaumburg, Bond Universal
) (Premier Before IL, USA) - Dentin/ - adhesive in the SE
KimSetal, : No decontamination .
2023 [23] Dental adhesive method was tested mode, but not in None
Products Co., | application SE mode: - (SBS) the E&R mode.
Plymouth - Clearfil SE Bond
Meeting, PA, (Kuraray, Osaka, - Haemostatic agent
USA) Japan) contamination
(Containing - All-Bond Universal didn’t reduce
15% (Bisco, Schaumburg, SBS with other
aluminum IL, USA) adhesives.
chloride)
- Blood .
- Saliva ) Stifr?i;e aiﬁl(tjhe Universal adhesive All tested
- Aluminium 9 used in E&R and SE contaminants,
) E&R mode X .
. chloride mode: - Dentin/ - except the
Bahari M et : No decontamination . ) .
al., 2021 (6] | ~Ferme - Before method was tested caries-disclosing None
N sulphate adhesive All Bond Universal - (SBS) agent, significantly
- Caries abolication in (Bisco, Schaumburg, decreased SBS in
disclosing PP IL, USA) both modes.
the SE mode
agent
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- After acid
etching (In
total-etch
system)
- After primer The total-etch-
P approach with three- ) R
(In total etch . Saliva significantly
step E&R system: ) -
system) . reduced bond Neither decontamination
- Optibond FL (Kerr .
. strength, except in method restored bond
Corporation, Orange, ) . . : .
- Before - Dentin/ - Air drying the group in which strength, except for
Bolme J et ) . CA, USA). . - . -
al., 2002 [7] Saliva adhesive - Water rinsing followed by | contamination air drying in the total
v application - (UTBS) air drying occurred after acid etch approach when
) The one-step SE ) —
(in the SE . etching and was contamination occurred
system) ?géi?ghbon d followed by air after acid etching.
. drying only.
- After adhesive Universal (3M ESPE,
- St. Paul, MN, USA)
application
and light
curing
(Inthe SE
system)
Two Universal
adhesives in SE mode:
Haemostatic After thermocycling,
agents: - Scotchbond both haemostatic
Mempel CA Before Universal Adhesive - Dentin/ 20% EDTA solution agents reduced Decontaminating with
etal., 2022 20% Ferric adhesive (8M Oral Care; followed by water rinsing the bond strength, EDTA didn’t restore the
[21] sulfate- 25% application St Paul, MN, USA) - (UTBS) and air drying (reduction was bond strength.
Aluminum - Prime and Bond significant only with
chloride. Active (Dentsply aluminum chloride).
Sirona; Konstanz,
Germany)
- Before
adhesive Saliva significantly
) application . . reduces SBS.
Chaudhari . Self-Etch (SE) Dentin/ No decontamination Contamination
RRetal, Saliva . ) ) None
- After adhesive | Adhesive System method was tested before adhesive
2021 [17] o - (SBS) -
application application reduced
and light the SBS more.
curing
- After tooth Clearfil SE Bond 2 L
) Water rinsing followed
surface (Kuraray Noritake ) :
. . by air-drying and
preparation Dental Inc., Tokyo, Saliva reduced reanolication of primer
Japan) a 2 step SE - Water rinsing and air- SBS after primer PP P
) . ) ) " regained the bond
. - After primer adhesive (Primer and ) drying application.
Nair P and . - Dentin/ . . . L strength (In the 2-step SE
. I (Inthe 2 step | adhesive) - Water rinsing, air-drying, | A significant
llie N 2020 Saliva ) L system).
(SE) system) and reapplying the reduction in SBS
[19] I - (SBS) . . . .
Clearfil Universal adhesive (or primer in the | at 1 week in the o
. X . . . : Decontamination after
- After adhesive | adhesive (used in 2-step SE adhesive) universal adhesive ) . .
L . light curing the adhesive
application SE mode) (Kuraray used in SE mode. -
) . didn’t restore bond
and light Noritake Dental Inc., strength
curing Tokyo, Japan) oth.
- After etching
(In the E&R
mode)
In E&R mode:
- After ! ) Saliva reduced SBS
adhesive Universal adhesive -
L . when contamination
application used in E&R and SE X
. . ) occurred after acid
and light mode: - Dentin ;
Atalay C . . N etching.
. curing (In (bovine)/ No decontamination .
and Meral E | Saliva s In SE mode: None
the E&R Clearfil Universal method was tested .
2021 [18] . Saliva reduced SBS
and SE Bond Quick (Kuraray - (USBS) i
: . when contamination
mode) Noritake; Tokyo, t
Japan) OCﬁurr_ed lg her
- Before 2<jri§swe ight
adhesive 9-
application
(Inthe SE
mode)
Haemostatic
agents:
25%
Alumlmum 2 Universal adhesives
chloride :
. in SE mode:
(ViscoStat H i
aemostatic
Clear; - G-Premio universal agents significant!
Khamverdi Z | Ultradent, Before ‘ - Dentin/ o J 9 Y
: adhesive (GC Corp., No decontamination decreased bond
etal., 2021 South adhesive ) None
L Tokyo, Japan) method was tested strength (reduction
[20] Jordan, Utah, | application - (SBS) ith
USA) ‘ was greater witl
20% ferric - Single Bond Universal iron sulfate).
sulf;te (3M ESPE, St. Paul,
(ViscoStat; MN, USA)
Ultradent
Product Inc.,
Utah, USA)
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The control group was
contaminated with saliva,
with no decontamination
Haem.ostatlc performed. . CHX and NaOG! showed
agent: - Water spraying the highest bond strength
Saati K et 25% Before acid Scotchbond Multi- - Dentin/ - Particles of aluminum Aluminum chloride 9 gth-
al., 2020 aluminum otchin Purpose (3M ESPE, oxide reduced the bond The lowest SBS was
[25] chloride gel 9 St. Paul, MN, USA) - (SBS) - Pumice and water slurry | strength. )
) . L related to the GC dentin
(ViscoStat - GC dentin conditioner conditioner
Clear) - Phosphoric acid ’
- 2% Sodium Hypochlorite
(NaOCl)
- 2% CHX
SE adhesive: .
- Prime and bond select Decpntanjmatmg bIoold
- Blood (Dentsply Sirona by air-drying resulted in
. . ’ - Air drying the highest SBS in both
Faisal AF - Haemostatic Aft . Konstanz, Germany) . . Blood and ”
. er adhesive - Dentin/ - Water rinsing followed by . adhesives.
and Mathew agent: application and air dryin haemostatic agents Decontaminatin,
ST 2020 (Dharma, 25% pplcat Total-etch adhesive: mng reduced the SBS in ) g
- light curing ) - (SBS) - 10% NaOCI rinsing . haemostatic agent with
[26] Aluminium - Prime and bond etch . . both adhesives.
) : followed by air drying NaOCI showed the
Chloride) and rinse (Dentsply ) :
. highest SBS in both
Sirona, Konstanz, .
adhesives.
Germany)
Total-etch and SE
adhesives:
- Scotchbond Multi-
Purpose (3M ESPE,
Haemostatic St. Paul, MN, USA).
agent: - Adper Single Bond Ferric sulfate
Hoorizad M Agtrin. edent Before (8M ESPE, St. Paul, - Dentin/ No decontamination reduced the bond
etal, 2019 9& adhesive MN, USA). strength, but not None
(Containing - ) method was tested - .
[22] 15.5% ferric application - Clearfil SE Bond - (USBS) significantly, in both
sullfateo) (Kuraray Noritake systems.
Dental Inc., Tokyo,
Japan).
- Single Bond Universal
(3M ESPE, St. Paul,
MN, USA).
No decontamination
- Afterl acid Two-step E&R - Dentin protocol recovered the
etching L . — - bond strength.
Lund RG adhesive: (bovine)/ - wa:er rinsing o | B.|OQ? cogtamlc;]anocrj]

. . - Water rinsing followe significantly reduce .
etal., 2019 Blood Aﬁer adheswe - Single Bond (3M - (UTBS) at by acid etching and the uTBS of an E&R After 6 months of aging,
[36] application ) S . ) bond strength decreased

) ESPE, St Paul, MN, 24 hr and adhesive application adhesive to dentin. L .
before light (no significant difference
) USA) 6 months
curing between control and
tested samples).
At 6 months of aging,
- Dentin/ - Water rinsing decontamination with
et ieastootel Poctt MV bl it O
AFetal., Saliva application and | adhesive (3M ESPE, | - (SBS) at 24 PP : PP
) . - Ethanol decreases bond or water, followed
2019 [37] light-curing St. Paul, MN, USA) hr and 6 o
- Ethanol followed by strength. by reapplication of
months o . B
reapplication of adhesive. adhesive, recovered
bond strength.
. In saliva-contaminated
Two-step adhesive Sl .
) . system (etch and - Water rinsing followed by aliva and blood samples, water rinsing
Putri AM et . After adhesive . - Enamel/ ) reduced the SBS. restored bond strength.
- Saliva - bond): drying. .
al.,, 2018 application and ) . Blood resulted in a
- Blood . . Magic Bond - Alcohol swabbing )
[29] light curing i - (SBS) . lower bond strength | In blood-contaminated
(Coltene, Altstéatten, followed by drying. )
. than saliva. samples, bond strength
Switzerland).
was not restored.
- Saliva and blood
" o reduced bond
5" generation: strenath
. OptiBond Solo Plus oNGHn.
- After adhesive . - Saliva reduced
o (Kerr Corporation,
application SBS more when
) Orange, CA, USA). )
before light " L it occurred before
Taneja S et curing 7" generation: - Dentin/ adhesive curing
- Saliva OptiBond All-In-One No decontamination . o
al., 2017 = . except in the 5 None
- Blood . (Kerr Corporation, method was tested .
[15] - After adhesive - (SBS) generation.
L Orange, CA, USA).
application ' L - Blood reduced
and light 8" generation: SBS more when
] Futurabond DC (VOCO )
curing it occurred after
GmbH, Cuxhaven, . N
Germany) adheswg curing
except in the
5t generation.
Single bond adhesive
(BM ESPE, St. Paul, . . -
Fallahzadeh . After acid MN, USA). Enamel/ No decontamination Saliva contamination
Fetal, Saliva . . reduced bond None
2018 [32] etching P60 adhesive (3M - (SBY9) method was tested strength
ESPE, St. Paul, MN, ’
USA).
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Contaminated etching,
decontaminated with:
- Rinsing
- Rinsing and re-etching
- Rinsing followed by I
~ After etching 5.25% NaOCl No decontamination
) method restored SBS.
Contaminated i |
- After adhesive unpolymerised adhesive Saliva and blood )
o . - | reduced the SBS Re-etching followed by
application . was decontaminated with: )
) E&R adhesive: ) .. . regardless of the rebonding enhanced the
Elkassas D I before light . - Dentin/ - Rinsing and rebonding . )
- Saliva ) - Adper Single Bond ) affected step. SBS in contaminated
and Arafa A curing the adhesive . )
- Blood Plus (3M ESPE, - etching or polymerised
2016 [31] - (USBS) - Rinsing followed by ) )
. St. Paul, MN, USA) o Blood had a more adhesive, while acetone
- After adhesive 70% ethyl alcohol and ) o
o ) negative effect than | application followed by
application rebonding N .
. ) . saliva. rebonding enhanced
and light Polymerised adhesive was . )
; : L SBS in contaminated,
curing decontaminated with: ) :
Rinsi unpolymerised adhesive.
- Rinsing
- Rinsing and rebonding
- Rinsing and re-etching
- Rinsing followed by re-
etching and rebonding
_ Saliva SE adhesives:
e - Adper Easy One Blood, saliva, and
(Artificial)
_Blood - Clearfil SE Bond Viscostat had no
_ Viscostat (Kuraray Noritake significant effect on
; Before starting Dental Inc., Tokyo, - Dentin/ - SBS.
Dey Setal., (20% ferric he adhesi J : q No decontamination Vi al N
2016 [14] sulfate) the adhesive lapan) (primer an: method was tested iscostat Clear one
_ Viscostat protocol bond) - (SBS) reduced SBS of SE
Clear (25% Total-etch adhesive: adhesive but did not
aluminum ° - Adper Single Bond 2 affect the total-etch
chioride) (8M ESPE, St. Paul, adhesive.
MN, USA).
7' generation
adhesives:
) After adhesive - Adper Easy One BM | ) o
Bhatia TK I application ESPE, St. Paul, MN, Dentin/ No decontamination Saliva S|gn|f|cantlyl
etal, 2015 Saliva ) affected the SBS in None
before light USA). method was tested .
[40] . - (SBS) both adhesives.
curing - Xeno V (Dentsply
Sirona, Konstanz,
Germany)
) :ﬁeECZ?EiSIVG SE adhesives:
aﬁz liaht - Xeno V+ (Dentsply - Air drying Saliva reduced the
. ; 9 Sirona, Konstanz, . - Water rinse, spraying, and | SBS of Xeno V+. Water rinsing, followed by
Santschi K curing - Dentin/ . . ) . ) .
ctal 2015 Saliva Germany). air drying Saliva showed no air drying and reappying
v . - Scotchbond - Water rinse spraying, significant effect adhesive, restored bond
9 9
[39] - After adhesive . - (SBS) . . .
application Universal (SM air drying, and adhesive on Scotchbond strength.
before light ESPE, St. Paul, reapplication Universal.
curing MN, USA)

[Table/Fig-3]: Included articles on bond strength between tooth structure and composite resin [3-9, 14-29, 32, 35, 36-40].

Surface
Authors/ Stage of Type of adhesive tested/Feature Decontamination Effect of Effect of
Year Contaminant tested | contamination used evaluated protocol contamination decontamination
- Water spray rinsing - All decontamination
- Reprepare dentin protocols were able
surface with to restore bond
diamond burs strength except
- Phosphoric acid water spray rinsing.
- Dentin/ - NaOClI - Spray rinsing resulted
. . Singlebond Universal - Phosphoric acid in the highest
LiuT et After adhesive )
L adhesive (3 M, or NaOCI followed . nanoleakage.
al., 2024 Blood application and - Nanoleakage Not clearly explained )
. . ESPE, St. Paul, MN, by polyphenols - Applying polyphenols
[11] light curing :
USA) - (UTBS) (resveratrol or after phosphoric
H myricetin) acid or NaOCl,
A new layer followed by a layer
of bond was of bond, improved
reapplied after each the bond strength
decontamination and decreased
method nanoleakage
Total-etching
adhesive: - Enamel Severe saliva
- OptiBond Solo L N
Dentin, contamination
Plus (Kerr o
. . . Cementum significantly reduced
Shimazu After adhesive Corporation, . -
. . o (Bovine)/ No decontamination uTBS
Ketal., Saliva (Artificial) application and Orange, CA, USA) . None
) . U method was tested Severe salivary
2020 [12] light curing SE primer: ) R
- Microleakage contamination
- Scotchbond .
) ) increased cementum
Universal Adhesive | (LTBS) microleakage
(3M ESPE, H 9
St. Paul, MN, USA)
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[Table/Fig-4]: Included articles on leakage and adaptation to tooth structure [10-13].

ersﬁigclio?gll\g\;avz db Before starting | Three steps E&R:
ﬂfrge emostic || the adnesive | - OptiBond FL
agents: protocol (Kerr Corporation, - Enamel,
Groddeck gents: . Orange, CA, USA) Dentin/ — Contamination did
- Aluminum chloride No decontamination .
Setal, (Racestyptine) (Blood was method was tested not compromise the None
2017 18] | 15.5% fi/e’:r)ric Sl’.l|fa’[e applied first then | One step SE: - Marginal marginal adaptation
(Aétrir;) edent) treated with - OptiBond all in one adaptation
N 9e haemostatic (Kerr Corporation,
- 20% ferric sulfate agent) Orange, CA, USA)
(ViscoStat) 9 98, LA,
Haemostatic agents: | - After acid _Eig aedrhsei?vlee: Bond All tested haemostatic
- ViscoStat (20% etcing (In E&R (SA/?ESPEQMN - Enamel, agents had no
Khoroushi ferric sulfate) system) USA) ’ ’ cementum/ No decontamination significant effect on
Metal., - ViscoStat Clear method was tested microleakage except None
2016 [10] (25%aluminum - After P9O SE adhesive: - Marginal for trichloracetic acid
chloride) primer (In SE . ) . Microleakage when used with Filtek
. . . - Filtek P90 Adhesive .
- Trichloracetic acid system) (31 ESPE, USA) P90 composite

Authors/ | Contaminant Stage of Type of adhesive Surface tested/ Decontamination Effect of Effect of
Year tested contamination used Feature evaluated protocol contamination decontamination
Blood reduced
- Air drying bond strength
- Water rinsing and air in all tested Decontaminating blood
drying groups, except with water rinsin
Carneiro Adper Scotchbond . - Water rinsing, air drying, | when blood was sing.
. ) - Between composite . h ; followed by air drying,
DTO et After composite | Multi-Purpose and applying a bonding decontaminated . . !
Blood . . surfaces ) o phosphoric acid etching,
al., 2015 was light cured | Adhesive (3M ESPE agent with water rinsing, -
- (UTBS) . . . ) and application of a
[34] St Paul, MN, USA) - Water rinsing, air drying, | followed by air )
: . h : .| bonding agent, restored
etching with phosphoric | drying, phosphoric
: . f . the bond strength
acid, and applying of acid etching, and
bonding agent application of a
bonding agent
- Air drying
- Clearfl Self Etch - Water rinsing and air o
drying Decontamination with
Bond (Kuraray . - .
. - Water rinsing followed by water rinsing, drying,
Noritake Dental . . . h .
Javan . - Between composite air drying and the Clearfil . — and applying an All Bond
. After composite Inc., Tokyo, Japan) Saliva significantly . .
SO et al., Saliva . . surfaces SE Bond layer - 96% Universal adhesive layer,
was light cured | - All-Bond Universal reduced the uSBS .
2025 [33] - (USBS) ethanol alcohol as well as using 96%
(Ultradent Products
- CHX ethanol, restored bond
Inc., South Jordan, .
UT, USA) - Water rinsing followed by strength
’ air drying and All-Bond
Universal bond layer
- Air spraying
- Water spraying followed
by air spraying .
. - Water spraying followed Both sa.hva. gnd Water spray, followed
Sheikh-Al- ) . : . blood significantly ) :
) . . Filtek P90 system - Between composite by air spraying and by air spray, etching,
Eslamian - Saliva After composite . : f ) reduced the bond )
) adhesive (3M ESPE, layers/ phosphoric acid etching and bonding, restored
SMet al., - Blood was light cured ) h strength between )
St. Paul, MN, USA) | - (USBS) - Air spraying followed by ; ) bond strength in both
2015 [30] ; . resin composite .
etching and bonding . contaminants
. increments
- Water spraying followed
by air spraying, etching,
and bonding

[Table/Fig-5]: Included articles on bond strength between composite surfaces [30,33,34].

The Effect of Decontamination

Among the reviewed studies, 12 articles evaluated decontamination
following saliva contamination [3,7,9,16,19,29-31,33,37-39] Of
these, 10 reported that at least one decontamination method was
able to restore bond strength [7,9,16,19,29,30,33,37-39]. However,
two studies found that none of the tested decontamination methods
restored bond strength [3,31].

Blood decontamination was evaluated in eight articles [11,26,29-
31,34-36]. Four reported that bond strength could be restored
[11,30,34,35], whereas the remaining four reported it could not be
restored [26,29,31,36].

Decontamination of haemostatic agents was evaluated in four
articles [8,21,25,26]. Two reported that bond strength could
not be restored [21,26]. One reported it could be restored
following aluminum chloride contamination but not ferric sulfate
contamination [8]. Another reported increased bond strength
following decontamination of aluminum chloride [25].

The effectiveness of decontaminating a mixture of saliva and blood
was evaluated in one article, reporting that none of the tested
decontamination methods restored bond strength [27].
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A wide range of decontamination methods was investigated. Drying
alone was evaluated in seven articles [26,30,33-35,38,39], water
rinsing in 17 articles [3,7,8,11,16,19,25-27,29,30,33-37,39], air
abrasion in one article [8], surface re-preparation with a diamond bur
in one article [11], sandpaper grinding in one article [16], ethanol in
four articles [3,16,33,37], acetone in one article (31), phosphoric acid
in six articles [3,8,11,30,31,34], Ethylenediaminetetraacetic Acid
(EDTA) in two articles [21,27], Chlorhexidine (CHX) in three articles
[25,27,33], sodium hypochlorite (NaOCI) in three articles [11,25,26],
polyphenols in one article [11], alcohol swabbing in one article
[29], and pumice slurry in one article [25]. Additional approaches
included adhesive re-application, which was tested in 11 articles
[16,19,27,30,31,33-35,37-39], sandblasting in one article [25], bond
primer application in one article [9], GC dentin conditioner in one
article [25], and Katana Cleaner in two articles [8,9].

DISCUSSION

Within the 11 articles that evaluated the effect of contamination
at different stages of adhesion [7,15-19,27,31,35,36,39], more
than half reported that the stage of contamination influences bond
strength [15,17-19,35,39]. Blood contamination at different stages
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of adhesion was investigated in two studies, both showing a greater
reduction in bond strength when contamination occurred after
adhesive application and light curing rather than before [15,35].
Saliva contamination at different stages of adhesion was examined
in five studies [15,17-19,39], with variable findings likely influenced
by adhesive type. One study reported that saliva contamination
reduced the bond strength of SE adhesives more when it occurred
before adhesive application than after [17]. Conversely, another
found a greater reduction when contamination occurred after primer
application [19].

Saliva contamination before adhesive polymerisation reduced bond
strength in seventh- and eighth-generation adhesives but not in
fifth-generation systems, while blood contamination produced
similar effects after polymerisation [15]. Saliva contamination before
light curing reduced bond strength for Xeno V+ adhesive, whereas it
showed no significant effect on Scotchbond Universal adhesive [39].
Overall, blood contamination appears to have a more detrimental
effect when occurring after adhesive application and curing. In
contrast, the impact of saliva contamination remains inconsistent,
likely due to differences in adhesive systems and their interaction
with salivary components.

Adhesive type may play a role in contamination resilience. A
2025 study demonstrated that two-step SE adhesives performed
significantly better than one-step systems, both with and without
saliva contamination. Saliva significantly reduced bond strength in
one-step SE adhesives but not in two-step systems [9]. Another
study found that total-etch systems exhibited higher bond strength
than SE systems under both contaminated and uncontaminated
conditions. Aluminum chloride contamination significantly reduced
bond strength in SE systems but not in total-etch systems [14].
Similarly, two studies reported that aluminum chloride reduced
bond strength in universal adhesives used in SE mode but not in
E&R mode [23,24].

However, conflicting findings exist. One study showed that severe
salivary contamination significantly reduced bond strength in both
total-etch and SE primer adhesive systems [12]. At the same
time, another reported that saliva, blood, and haemostatic agents
significantly reduced bond strength in universal adhesives regardless
of application mode [6].

Overall, two-step SE and total-etch systems appear more resistant
to contamination than one-step SE and universal adhesives used in
SE mode. However, no adhesive system appears entirely immune,
as results remain inconsistent across studies.

Saliva contamination significantly reduced the bond strength
between composite layers. Effective decontamination methods
included water—air spray followed by phosphoric acid etching
and bonding agent application [30], as well as water rinsing and
drying followed by All-Bond Universal application, and the use of
96% ethanol [33]. Blood contamination also reduced interlayer
bond strength; however, phosphoric acid etching followed by
Scotchbond Multi-Purpose Adhesive restored bond strength [34].

One study evaluated the effect of blood and haemostatic
agent contamination on marginal adaptation and reported no
adverse effects on enamel or dentin margins [13]. Severe salivary
contamination significantly increased microleakage at cementum-
composite margins [12]. Nanoleakage studies showed that cleaning
blood with phosphoric acid or NaOCI, followed by polyphenols,
significantly reduced leakage [11]. Trichloroacetic acid increased
microleakage when used with Z-250 composite resin, whereas
aluminum chloride and ferric sulfate did not [10].

Effective decontamination protocol generally require a combination
of cleaning and adhesive reapplication. Water rinsing, sandpaper
abrasion, or ethanol application each followed by adhesive
reapplication restored bond strength when contamination occurred
before light curing. After curing, only ethanol combined with
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adhesive reapplication was effective [16]. Similarly, water rinsing
or ethanol alone was ineffective, but both restored bond strength
when followed by adhesive reapplication [37]. 10-MDP-containing
agents, such as Katana Cleaner and primers, successfully restored
bond strength in one-step SE systems [9]. Air drying alone was
ineffective, but when followed by adhesive reapplication, it restored
bond strength in universal adhesives, though not in SE systems
[38]. Alcohol swabbing and 70% ethanal, failed to restore bond
strength [29,31]. Water rinsing followed by air drying and adhesive
reapplication was effective in SE systems [39]. Overall, multi-step
approaches combining cleaning with adhesive reapplication are
more effective than single-step methods.

Blood contamination proved more difficult to manage. Alcohol
swabbing and water rinsing were ineffective in restoring bond
strength after contamination following light curing [29]. Similarly,
decontaminating blood with 5.25% NaOCI did not restore bond
strength [31]. Combined saliva and blood contamination treated
with CHX and EDTA improved but did not fully restore bond
strength [27]. However, when contamination occurred before
light curing, air drying, or water rinsing, followed by adhesive
reapplication, it successfully restored bond strength in SE systems
[35]. A 2024 study reported that surface re-preparation using
a diamond bur, or treatment with phosphoric acid or NaOCI,
followed by adhesive reapplication, effectively restored bond
strength [11]. Decontamination of haemostatic agents remains
challenging. NaOCI improved bond strength following aluminum
chloride contamination but did not fully restore it [26]. GC Dentin
Conditioner was less effective than NaOCI or CHX [25], and 20%
EDTA failed to restore bond strength [21]. For universal adhesives,
phosphoric acid restored bond strength after aluminum chloride
contamination, but was not able to successfully restore bond
strength following ferric sulfate contamination [8].

Limitation(s)

This review has several limitations, which include its reliance on
in-vitro studies, therefore, restricting clinical applicability. The
literature search was conducted by a single reviewer and limited to
two databases, may have led to the omission of relevant studies.
Additionally, the heterogeneity in adhesive systems, contamination
stages, and decontamination protocols limit comparability and
definitive conclusions. Future research should adopt standardised
methodologies, broader search, and multi-reviewer approaches to
improve reliability and clinical applicability.

CONCLUSION(S)

The evidence suggests that contamination effects may depend
on the stage of adhesion and the adhesive system used. Blood
contamination appears more detrimental to the bond strength
when it occurs after adhesive curing, while the impact of saliva
remains inconsistent. Two-step SE and total-etch systems generally
demonstrate greater resilience. Evidence on leakage and adaptation
remains limited. Effective decontamination typically requires both
surface cleaning and adhesive reapplication procedures, although
outcomes vary depending on the contaminant. Haemostatic agent
contamination remains particularly difficult to manage, with no
consistently reliable decontamination protocol identified.

Collectively, these findings underscore the importance of strict
contamination control, and the need for further well-designed
studies to establish predictable decontamination protocols.
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