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Abstract

Background Nowadays bleaching procedures have gained popularity in orthodontic patients. Peroxide and Carba-
mide acids are the common agents which are used in in-office and at home bleaching techniques.

Consequently, the Bonding adhesion to the enamel can be influenced by the orthodontic phase and the residual
peroxide might interfere with the polymerization and the adhesion of the brackets.

Frequent debonding of the brackets from teeth after the bleaching procedure could cause the lengthen-
ing of the therapy and promote irregularities on enamel surface derived from an additional bonding phase
of the brackets.

The aim of this systematic review is to appraise the influence regarding the effect of the bleaching procedure
on the bond strength of orthodontic brackets.

Methods An electronic database search was performed. Search terms included: bleaching, brackets, adhesion; data
were extracted and summarized. Risk of bias was assessed using the Chocrane risk of bias tool, adapted for in vitro
studies.

Results A total of 8689 articles were screened and 11 studies met the inclusion criteria of this systematic review.

1000 teeth of human and bovine origin were analyzed for the shear bond strength (SBS) of stainless and ceramic
brackets after the bleaching treatments. All the authors divided the groups in different subgroups with different
bleaching agents and in different concentration.

The SBS value allowed to demonstrate the necessity to delay the bonding of the brackets for two weeks
after a bleaching treatment and its improvement when tooth mousse or antioxidants agents are used.

Conclusions The SBS values and the delay of the bonding procedure must be considered in dental practice
and clinical strategies are necessary in order to avoid drawbacks which could cause the debonding of the brackets
after bleaching due to the alterations of the dental substrate, thus interfering with the orthodontic treatments.
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Background
Enamel is the dental tissue on which the adhesion of
orthodontic brackets is requested.

First research on dental adhesion was introduced by
Bowen following the pioneering work of Buonocore in
1955 [1, 2].

These principles were then introduced in the ortho-
dontic field by Zachrisson’s work in order to lead to an
aesthetic and physical modification of the orthodontic
appliance [3].

Despite the progress made in dental biomateri-
als science regarding an improved adhesion in moist
environment, such as the oral cavity, debonding of
the orthodontic brackets still remains one of the most
encountered problems in the clinical practice.

The most common factor which usually causes
debonding of the orthodontic brackets is the continu-
ous masticatory force, but other factors may also be
related to this inconvenience: the variability of the
salivas’ PH, the adhesion technique ( total etch or self
etch), the contamination during the bonding process,
the low retention of the base of the brackets and at last
the dental substrate subjected or not to dental treat-
ments ( restorative treatments, prosthetic treatments,
bleaching and rebonding of orthodontic brackets)
[4-7].

Enamel etching is the first step in the bonding proce-
dure of the orthodontic brackets and this procedure is
done with phosphoric acid [8, 9].

The etching phase, combined with a bleaching agent,
might lead to a demineralization of the enamel and this
might affect the quality of the adhesion [10].

Contemporary bleaching agents are mainly based on
hydrogen peroxide (HP) or carbamide peroxide (CP) [11].

The bleaching agents over the dental surface release
free radicals, produced by the decomposition of hydro-
gen peroxide, one of the main components of bleaching
gels which promote the whitening effect [12].

Literature suggests that bleaching treatments can lead
to modifications in the structure of the enamel and alter
the biomechanical properties of the tissue. Some articles
report morphological changes, suggesting that bleaching
agents cause erosive process [13, 14].

Bleaching affects the organic protein components
of the teeth, leading to changes in the mineral phase,
resulting in visible morphological changes of the tooth
surface [15].

Consequently, bleaching treatments can lead to altera-
tions of the etching and the bonding quality between
brackets and enamel, which might result in the brackets’
debonding [16].

The prevalence of bracket detachment varies from 0.5%
to 17.6% [17].
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The shear bond strength (SBS) is the maximum force
which adhesive joint can tolerate before fracture. This
force is applied to adhesive area between two materials.

The SBS is the maximum force that the adhesive bond
can tolerate before facture.

Studies in literature have shown differences and a sub-
stantial reduction in the bond strength [18].

Yadava et al. reported that the bleached group showed
the least bond strength, with a 90% probability of failure,
indicating that significantly less force is required to dislodge
a bracket when compared to the control group [19].0n the
other hand, other studies found no significant differences
between the bleached group and the control group [20].

The search for a high adhesion of the brackets to the
dental tissue is essential to withstand the orthodontic
forces and allow the control of the tooth movements
[21, 22].

The aim of this systematic review is to analyze the
influence of the bleaching agents on the SBS values of the
orthodontic brackets.

Methods

Protocol and registration

The present systematic review was performed following
the guidelines for Systematic Reviews and Meta-analyses
(PRISMA) [23].

The protocol was registreted and published at OSF
Registries on January 2023 with the DOI (https://doi.org/
10.17605/OSEIO/UY62C).

The question posed by this review follows the
PICO (population, intervention, comparison, outcomes)
guidelines.

The population included in the review presented with
healthy and intact teeth which were treated with bleach-
ing agents and orthodontic brackets. The comparison
included groups of teeth treated with hydrogen perox-
ide and carbamide peroxide and different bonding tech-
niques for the adhesion of the orthodontic brackets.

The SBS values are the outcome of the review.

The aim was to assess whether there were any differ-
ences in the SBS for the orthodontic brackets when teeth
are previously treated with different bleaching agents.

Inclusion and exclusion criteria
The following criteria were applied:
Inclusion criteria:

— Full text article;

— Studies published in English;

— Invitro studies;

— Studies which analyzed and compared bleaching
treatments and orthodontic treatment;

— Studies which include SBS value.
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Exclusion criteria:

— Studies not in English;

— Studies published before 2017;

— In vivo studies;

— Studies which didn’t analyze bleaching treatment
and orthodontic treatment;

— Studies which didn’t follow the instruction.

Search strategy
The following electronic databases were investigated:
Pubmed, Scopus, Web of Science, Cochrane, Embase
and Google Scholar.

The research strategy comprised the following
keywords:”bleaching” AND “brackets” AND “adhesion”

The search was limited to articles in English. Restric-
tion on date of publications was imposed and only arti-
cles published from 2017 were included.

The references of the studies selected were screened
manually in order to detect other relevant papers.

The research strategy was carried out from Octo-
ber 22 until January 23 independently by two of the
reviewers.

Data collection and data items

The articles selected through the database search were
screened manually by two reviewers and duplicates were
excluded.

The titles and the abstracts of the studies selected were
then analyzed on the basis of the inclusion and exclusion
criteria.

The screening of full-text articles was performed by
two reviewers independently to establish whether or
not the studies met the inclusion and exclusion criteria.
Disagreements were resolved by discussion between the
two authors. When resolution was not possible, a third
reviewer was consulted.

All full-text articles meeting the inclusion criteria and
assessed for eligibility were evaluated again by three
authors to assess the quality of the methodology of each
article and to perform data extraction.

A data collection sheet was created in order to analyze
all the relevant characteristics of the studies.

The items were the following: Author year, sample size,
type of teeth, type of analysis machine, type of bracket,
adhesive system, bonding agents, bleaching treatment,
bleaching agents, SBS value.

Each of these data were collected in the Table 1.

Page 3 of 11

Risk of bias
The risk of bias analysis was performed according to
the Risk of Bias In Nonrandomized Studies of Interven-
tions Tool (ROBINS- I) and appropriately adapted for
in vitro studies [35].

This was previously adapted similarly in literature
[36, 37].

The following domains were considered.

1
2
3
4
5
6

Comparability of experimental condition;
Blinding of assessors;

Losses or non-inclusion of specimens;
Selective reporting;

Other bias;

Overall risk of bias.

D DO —

Depending on the descriptions given for each main
article of included studies, these criteria were rated as:
low, unclear, or high risk of bias (Table 2).

Results

The aim of this systematic review was to summarize the
evidence present in literature regarding the SBS value
during orthodontic treatment in teeth subjected to
bleaching agents.

The research combined six databases (Pubmed,
Scopus, Web of Science, Cochrane, Embase, Google
Scholar) and the papers recorded were 8689 respec-
tively 51 from Pubmed, 14 from Scopus, 12 from Web
of Science, 11 from Cochrane, 11 from Embase, 8590
from Google Scholar (Fig. 1).

Three duplicates were removed by two authors (from
Pubmed and Google Scholar); 8411 were removed by auto-
mation tool because of the year of publication and 264
were removed for other reason: 258 for the inconsistence
of the titles and 6 for the inconsistence of the abstracts.

The 6 abstracts were removed for the following reasons:

— two articles analyzed the value of the SBS of the
brackets after bleaching and desensitizing treatments
or antioxidants agents [38, 39].

— One article studied the SBS of the brackets bonding
on the teeth after internal bleaching treatments [40].

— one didn’t test the SBS value in detail [41].

— one was rejected because of the authors conducted
the analysis on group of teeth which were divided in
mesial and distal part and treated only on the distal
surface with bleaching and bonding agents so a correct
and equal assessment of SBS was not possible [42].

— The last one studied the decalcification effect around
the brackets [43].



Page 4 of 11

(2023) 23:758

Boccuzzi et al. BMC Oral Health

(vsn

‘A1D 19AIND ‘|erusg
SSNJSIA 'dDV 2UYM
-UN) +9%¢C dD-
(eulD ‘ueusH ‘o)
21D [eI0 96NUO
‘uad Buiyoealg

(vsn

(VSN "UISUOISIAN
‘uebhogays Ia1se
3113s 'S21UOPOYLIO

LCF00L:D- S9IWS POOMA| ‘RINCIUO Y=1UN uedLIDWY 'W3ISAS L10Y) VSN ‘POOMION l67] 8L0T
% dD -|OH) %77 dD- Bulyoes|q awoH A €) 1X puogsuel]  puogsuel] Jaullld S19YDeIg [931S SSIUIRIS “diod uohsu|  siejouaid uewny 41931 001 ‘e 12 )ynwy
%S€ dH- SRUUN N €) SNid
(0££0S0ZL'ON puogsuel| Jawud-
yaeg 14 (Snid-l 9sepR1ee (eluiogied
PAON/SEH  -Sejolg) Jase|+bul "RINOIUOIN 21U N "eINOJUOIN31UN (e1ulojieD "eIN0IOUON uonelodiod
SLZOF¥19:0D- 92O duelg -Yses|q 9dYjo ul- W €) ousodwod XaUUN W € IUIWaD) uoAasul ‘00t [87l6L0T
%S€ dH |B10]) %SE dH- Bulyoes|q aouyjo ul- 1X puogsuel| S19YDeIg [931S SS9|UIRIS O||9POIN UoAsU|  siejowald uewny 41291 071 ‘|e 19 ueyy
(Sl1seig dS 'puewns
“ep17 |iseig op
W € YBIN a3g 7B
SUUM) %91 dD-
(Iizeag "3 "3j|iautor
708F 65681 0D- “ep1] s02160|01 (Iizeig ds "01a1d
991 dD -UopQ soINpold (eluioyied "einol OlY Op 9S0( OBS ‘W € |IZqY a[iseig "dd ‘stey
L'6ELFLF'6LE0D- N4 ‘dH ssau BuIydes|q aWoy-  -UO RUUN N €) S ‘§Iewns Seuun ‘TTO oY YLN wnuy) - -Uld SOp 950 OS [,z1810T
9%SEdH  -9UUM) %SE dH-  DBuiydes|q adyjo ul- X puogsuel] A €) LX puoqsuel| SXoeIg 9935 Sso|uUlelS ‘DIW3°0002-1Q) S10sIDUl SUIAOg 41991 09 ‘leis sope)
6€£6F058C O~ (11zeag ‘s|jautor (I1zeig
SSLLFLLLLID- '50216003U0PO (Iizeig dS "elpunr “ep17 gll|240N
8/0LFLGGL:0D-  SOINPOId NDH dH ‘o|ned NeS ‘3453 'Pul /S IUSPOBIA) [eausd yb1 Loy) VA ‘uoiue) 97l 610z
%SE dH  SSBUSNUM) %SE dH-  Bulydea|q adyjo uj N €) 0SEZ 1214 S1oeig [931S SsojulelS ‘TrEE uonsu| S10SIDUl BUIAOg Yie91 08 ‘e s epldwly 8
(vSn 'yein
Uspenl|n ‘eduad
-s3]edQ) %0T dD-
(vSn'yein  buiydea|q awoy-
08'LFSY LD IUspeljn ledued (MGT'wuolg)
%0CdD  -S91edQ) %0 dH- 19se| 9poIp yum
CULF299:7O- (vsn  Buides|q aduyjo ul -
%Sy dD ‘yein wepenjn - buiydes|q swoy- (izeag ‘sjiauior
9LCF6E LD 0110p0ld ‘BZUS) Bu 'ND4) Cluswiad (VSN '¥D "'Y104) [s7] Loz
%0v dH  -S2|edQ) %St dD-  -Y2es|q 0o ul - WaDoYLO S19yDeIg [991S SS9UleIS SSIMS I91PAN  Slejowaid uewiny y192109  °|e s uelybapes
(Iizeag ‘ojneqd OgS ‘eljE
SUIBWOYUQ ‘Weldd))
OV TLF¥7'9C (Iizeig auljjeistdAjod yioy-
LOOLFILYS ¥D- ‘eulele) ejues (l1izeag "ojneqd
LSOLFFO0C 'B50yled YING ‘%/E (eluioyied "elnol 0ES "Bl|He|A DU18WOULO
OLFSLF 185119 buiyoes|qiamod SUOW SIBUUN N E)  SaNUN W €) JaWilld 'S Weudd))auljjeishidouou VSN VA Ul vl L1zoz
%/E dD DWO) %/E 4D Buiydes|q 140 u| 1X puogsuel| Uloy-  -UBD "du| uoisu| SI0SIDUI SUIAOg 41931 09 ‘|e 12 oueplad
juswiean auiyoew
anjeAa sgs sjuabe buiyoes|g buiyoea|g  syuabe buipuog  wIsAs anIsAYpY s19ypeiqjoadAl  sishjeue yjo adAL ylealjoadA] odzissjdwes  ieak puesoyiny

S3IPN1S PapPN|DU JO SDIISpRIDRIRYD) L dqel



Page 5 of 11

(2023) 23:758

Boccuzzi et al. BMC Oral Health

s1aydeiq auljjeaskidAjod

S}99M  JBYJe S3)|DeIq 0} papuod pue dnoib paydea|q uo paren|eAd sgs iy
SY9aM € JaYJe S3)|deIq 0} papuod pue dnoib paydea|q uo palen|eAd sgs €9
Sy9aM 7 J31Je S)}deIq 01 papuod pue dnoib paydes|q uo palen|eAs sqs 79
399M | Ja)e s19¥deIq 0} papuoq pue dnoib paydes|q uo pajen|ead sgs :L 9

s19ydelq 0} papuoq Ajdieipawiwl pue dnolb paydes|q uo pajen|ead sqgs 0o

@a371/pase| yum dnoib paydes|q uo paren|ead sqs :537/97

(1zeag "3 ‘3|jAuior
WO dHssau
-9UUYM) %SE dH-
(vsn

‘ye1n wspen|n

(erjensny
'BLOIIIA IS SNId
1ipey) @31+ bu
-oea|q 9duJo ul-
(BIUSAO|S ‘BUOO
9x|emiybIT)
195e| OYAUF + bul

SYFYSL IO '1500¢g 95U9359 -Yydes|q 9dUJo ul-
%0v B dH -[edQ) %0t dH- (vSn'vD (vsn
OrF YL ¢OIT- (Auewson ‘uimi)‘osejoig 21d3) ‘NN ‘poomajdely (VSN ‘N ‘Ined NN ‘weyaieq
OGFEYL O WIGbU| ‘0ZaUYM 1ase| apoip+bul - ‘puogsuel FRUUN IS HRUUN N € 1X ‘SyuswNIISUl [P€l £10T
%G€ [ dH -195e7) 9%G€ dH- -4oes|g edjo Ul- | €) IX puogsuel]  puoqsuel]) isWlld (/) S1oydeig |931S sSo|ulels POA|7 ‘'uonsu|  siejowald uewny Y1991 96 ‘le s apueH
(Auew (111 "e2sey| AoxanL
790F €001 ¥O- -199) ‘ZueIsuoy OU] S1oNpPold  (eluloi|ed ‘elopus|o ‘diod) ‘Inqueis| ‘eisi|3
LL0F919:0D- “A|dsiuaQ ‘@Yo SUOPOYLIQ @2Ue  0OWIQ ‘000 Ul 02WlIQ) ‘sulydew 1593 [cel 10T
%51 e dH 2UIWN||)) %G LdH Buiyoes|q swoH 1uejess -119Y) puoq 1ybn S1a¥Delg [931S SS9|UlelS [ESIDAIUM UONSU|  Siejowald uewny 41991 09 ‘|e 19 Jobunp
+(vSn ‘LN ‘uepior (vsn (VSN ‘N ‘|ned
LLF69111D- UINOS 'S12NPOiId ‘NI ‘poomaidely 1SN € Jawild (VSN ‘I ‘uebAogays
Yy FEG0D- 1uspell|n ‘@dusd ‘puogsuel] yauun 1X puogsuel]  ‘SDIUOPOYUQ UedLIBUWY) Auewlao ‘win [z€l L1oT
%51 e dD -sa1edQ) %S LdD- Bulyoes|qawoH A €) 1X puogsuel| REMIVIQ)REIVIIR] S19YDeIg [91S SSIIUIRIS  ||90Y YDIMZ ‘06-07  Siejowaid uewny 199101  ‘|e 19 uipasweys
(vSN "epuol4
+9%0t dH - "ABojouyda].
(vsn'In OYLIQ 'BAISaYPY
'UPPIOf YINos “du| DIUOPOYUQO
S19NPOId Juspellin D71 8duBljisay) (YSN "eluiojied "eIsip
€8 SF¥0'6S :0D- 1500g 90U9DS9 uIsal 1sodwod ‘SOIUOPOYLIQ Jadue) [L€] 0TzoT
%0¥ dH -ed0) %0v dH-  BuIydes|q 93440 Ul Buund 1y61] / SXoeIg 9935 SsojulelS 965 uonsu|  siejowald uewny Yool v6 ‘le 1 sepleg
(ueder
‘'0A%0] ‘uonesodiod
9%0% 2 %0C ‘%01 D9 21D Y61
LECLFPLOL0DT-  [e(vSN Wuspen|n OYUQ IIN4)uswad (vsn uopuo
6V 1 F /ST 0D 15009 gOU3ds9 Jswouol sse|b ‘SOIUOPOYUQ UedLIBWY) “p1713uswdinb] o] 8L0T
%07 dH -|edO) %0 dH  Buiydealq oo uj PaYIPOW U9y / S19¥DPIg [991S SS9|UIRIS uUed Uosledd  siejouwaid uewny 1991 0G| ‘|e 19 lwiksey|y
juswiean aulyoew
anjea sgs sjuabe buiyoeslg buiyoes|g  sjuabe buipuog  wd)sAs SAISAYPY sipeiqjoadA]  siskjeue jo adA| yiealjoadA] adzissjdwes seak puesoyiny

(PanupuOd) | 3jqey



Boccuzzi et al. BMC Oral Health (2023) 23:758

Page 6 of 11

Table 2 Risk of bias in nonrandomized studies of interventions tool (ROBINS- I) and appropriately adapted for in vitro studies
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Eleven full text articles were analyzed and a total of
1000 teeth were included (800 of human origin and 200
of bovine origin).

The analysis reported that ten studies had low risk of
bias [24, 25, 27-34], except for one article which showed
a moderate risk [26] (Table 2).Teeth of human origin were
premolars while teeth of bovine origin were incisors.

The extracted teeth in all the articles were divided in
different sample groups in order to analyze different con-
ditions, such as: type of brackets, type of adhesion sys-
tem, type of bleaching treatment and type of bleaching
agents, in order to evaluate the variation of the SBS into
the groups, using a universal mechanical testing machine
(Table 1).

The SBS test is a simple procedure which uses a univer-
sal machine.

The shear test was performed with a load of 500 N or
250 g and a speed of 0.5—1 mm/min.

Specimens were fixed and positioned exactly aligned
towards the shearing blade by using the movable plat-
form. The long axis of the brackets was positioned paral-
lel to the plunger of the testing machine.

The machine recorded the maximum load at the
moment of fracture, registered in N and subsequentially

transformed in MPa.The groups and the subgroup sum-
marized in all the studies were the following:

1) Teeth not bleached and immediately bonded to
orthodontic brackets;

2) Teeth not bleached and immersed in artificial saliva
for a certain period before the bonding of the ortho-
dontic brackets;

3) Teeth bleached and immediately bonded to the
orthodontic brackets;

4) Teeth bleached subjected and not subjected to ther-
momechanical cycles and bonded to orthodontic
brackets;

5) teeth bleached and expected to be bonded to ortho-
dontic brackets after a certain period of time;

6) Teeth bleached with the aid of photoactivation and
bonded to brackets orthodontics;

7) Teeth bleached and treated with desensitizers and
then bonded to orthodontic brackets;

8) Teeth bleached and consecutively treated with antiox-
idants gels and then bonded to orthodontic brackets.

Only three studies used incisor of bovine origin [24,
26, 27].
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Identification of studies via databases and registers

Records identified from:
Databases (n = 8689 )

- Pubmed (n = 51)

- Scopus (n = 14)

- Web of Science (n = 12)

- Cochrane (n = 11)

- Embase (n = 11)

- Google Scholar (n = 8590)

c
2
=
©
o
=
=
=
)
3

) A 4
Records screened
(n=8689)
v
o
=
5 Reports sought for retrieval
(4 (n=0)
o
7]
A
Reports assessed for eligibility
(n=11)
—

v

Studies included in review
(n=11)

Reports of included studies
(n=11)

Fig. 1 PRISMA flow chart

The specimens were stored in distilled water at room
temperature and only one author specified the time of
24 h [27].

The bovine incisors are treated with Transbond XT in
two studies and only one study used Filtek composite.
All the articles treated the teeth with at home bleaching
technique but with a different concentration of CP and
HP and only one article subjected the specimens within
office bleaching technique [24, 26, 27].

All the rest of the articles analyzed human premolars.
Three authors stored the teeth in 0,1-0,2% of thymol
solution for 24 h or 1 week [25, 28, 31, 32].

Only one author decontaminated the human premolars
with 0.5% chlorine solution for 1 week [30].

Two studies stored the human premolars in distilled
water at room temperature [33, 34].

Only one study did not specify how stored the premo-
lar specimens [29].

All the studies used different adhesion technique and
different adhesive agents.

Records removed before
screening:
Duplicate records removed
(n=3)
Records marked as ineligible
by automation tools (n =
8411)
Records removed for other
reasons (n = 264)

Records excluded**
(n=8678)

Reports not retrieved
(n=0)

Reports excluded:

- scientific articles filters(n = 8079 )
- 2017-2022 filters(n = 332)

- repeated articles (n = 3)

- articles with inconsistent title(n =
258)

- articles with inconsistent abstract(n
=6)

4 articles used Transbond XT, 1 article used Ortho-
chem cements, 1 used composite, 1 used glass ionomer
cement,1 used sealant (Table 1).

All the article analyzed stainless orthodontic brackets,
except one which analyzed ceramic orthodontic brackets
on bovine incisor specimen [24].

In this article the authors observed a higher SBS value
for the monocrystalline ceramic brackets instead of poly-
crystalline ones.

In all the articles selected, a higher SBS value was
obtained in the group of teeth that were not bleached and
bonded with orthodontic brackets.

The examination of the articles revealed that 6 articles
(one article include bovine incisor teeth) demonstrated
that, in order to obtain a high SBS value, it is better to
delay the bonding of the orthodontic brackets after the
bleaching treatments [24, 29-33].

In these 6 articles, the SBS value of the bleached group
was detected after one, two, three or four weeks and
the homogeneity of the results demonstrated that the
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passing of time and the improvement of the SBS value
were directly related.

The articles included in this systematic review reveal
that some products, such as desensitizing agents,
improve the SBS value [28-33].

Sodium ascorbate, casein, green tea, chamomile, man-
gosteen peel extract, quercetin can improve the SBS
value.

Discussion

This systematic review aimed to investigate the evidence
in literature about the SBS values in groups of teeth
which were both subjected to orthodontic treatments
and bleaching agents.

Of the 11 articles included in this systematic review, 6
articles showed a significant increase in SBS after a few
weeks ‘delay [24, 29-33].

Some articles used bovine specimens. Specimens of
bovine origin were taken into consideration, because evi-
dence in literature shows that even if bovine and human
teeth present macroscopic differences, they are both
similar in regard to the organic matrix and the dentinal
tubules. Consequently, teeth of bovine and human origin
are widely used for scientific research [44].

The risk of bias of the included studies showed a low
risk for all the article except for one of them [26].

This could have been due to the controlled environmen-
tal conditions under which in vitro studies are carried out.

Literature demonstrates that the acceptable values of
SBS from a clinical point of view are 6—8 MPa [45]. Dur-
ing in vitro studies the control of environment is greater,
so this value becomes 40—70% higher than during in vivo
studies [46].

In spite of this, in this systematic review 5 authors
decided to recreate the environment of the oral cavity by
immersing the samples in artificial saliva, by subjecting
them to thermo-mechanical stress or by inserting them
in an incubator [25, 27-29, 31].

The bovine incisor samples were stored in distilled
water, instead the human premolars were treated with
different solution.

The different treatment of the surface of the teeth could
be a factor affecting the adhesion.

Generally, teeth of animal origin are immediately avail-
able instead freshly human extracted teeth are limited in
availability, so they are typically stored in different solu-
tion during the collection period to prevent dehydration
and microorganism growth [47, 48].

Thymol is commonly used as storage solution in adhe-
sion studies and only 4 authors used it [25, 28, 31, 32].

Literature demonstrated that phenolic compounds
such as thymol were found to inhibit the polymerization
process.
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Fresh teeth instead sheat the highest possible SBS
because of litterature reported that enamel bonding in
the group stored in distilled water did not affect the SBS
value [49].

The storage soludtion can have a significant on com-
posite-enamel bond strength.

All the articles have shown SBS values for the samples
that were not treated with bleaching agents, literature
demonstrates that the decrease of the SBS value after
bleaching is related to the morphological changes on the
enamel which can result from the reaction between per-
oxide and the organic components [50].

In addition, literature demonstrates that bleaching
agents denature the organic components of the enamel,
cause porosity and release free radicals which may inhibit
polymerization, and this leads to the reduction of the
bond strength [51].

Neutralizing these products is not always practi-
cal. Authors have suggested to delay the bonding of the
brackets after bleaching for 2—4 weeks in order to elimi-
nate the persistence of the residual oxygen on the enamel
but there is no consensus in literature regarding the
exact waiting time before bleaching and the orthodontic
treatments.

The use of certain agents (amorphous calcium phos-
phopeptide casein, sodium ascorbate, mangosteen peel
extract, quercetin, vitamin C, green tea and chamomile).

has been demonstrated to have a positive influence on
the SBS value, consequently this evaluation can be taken
into consideration for patients who need to undertake
the orthodontic and the bleaching treatment in the same
session [52—-54].

Regarding the adhesive agents and the protocol that
the authors used an inhomogeneity was appraised,
because only 6 authors used the same system (Primer
(Unitek Transbond XT Primer, 3 M, St. Paul, MN, USA
and Transbond XT (3 M Unitek Transbond, Maplewood,
MN, USA) so it is not possible to exclude whether this
factor can affect the SBS value [24, 27-30, 32].

Literature demonstrates that the adhesion protocol also
plays a deciding role when bonding brackets to bleached
enamel [55].

However, the manufacturing process of the brackets
can influence the adhesion. In fact, only one study ana-
lyzed ceramic brackets, all the other authors only evalu-
ated stainless steel brackets [24].

Several studies demonstrate that ceramic brackets, in
particular the monocrystalline ones, consist of a mass
cast at high temperature, forming a single aluminum
oxide crystal which favors the transmission of light and
influences the polymerization, whereas the polymeriza-
tion process for the stainless brackets can be influenced
by the operator.
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Conclusion

In the present systematic review, some articles showed
that carbamide peroxide affected the SBS value more sig-
nificantly, others claimed that hydrogen peroxide did as
well; however, most studies agreed that delaying the bond
between bleached teeth and orthodontic brackets was
necessary to avoid detachment.

Although there are different variations of waiting peri-
ods, the results in this review highlighted that a period of
two weeks was the most common.

In addition, the authors suggested the use of products
for patients where it is not possible to delay the ortho-
dontic phase after 2 weeks.

In conclusion, it can certainly be said that the type of
whitening and its concentration negatively affect the SBS
value, but there are other factors that can play a competi-
tive role, such as the type of bracket and the type of adhe-
sive used for the bonding.

Limitations
The main limitation of this systematic review comprised
the heterogenicity among the studies. Indeed, the indi-
vidual study design showed differences in factors con-
cerning the division and the subdivision of the groups.
Another main limitation was characterized by the lack
of standardization of the results of the bleaching agents
and the differences in concentrations which is variable in
all the articles and in the use of bovine teeth in 3 of the
considered studies that could influence the obtained SBS
results even if the bonding procedures and materials are
similar to the studies performed on human teeth.
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