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Background: Mouthwashes, as the most common method of chemical control of plaque, include a range of liquid substances
containing various bioactive compounds, which are designed to achieve antimicrobial effects, inhibit the formation of plaque
biofilm, and prevent periodontal diseausses and caries. Some mouthwashes have been identified as a potential causative factor for
external tooth staining in case of long-term use, but despite this, no systematic study has been conducted on the effect of using
different mouthwashes on external tooth enamel color in fixed orthodontic patients. Therefore, to this systematic review study
aimed to assess the impact of mouthwashes on tooth enamel color in fixed orthodontic patients.

Methods and Materials: We comprehensively searched databases up to June 2024, including MEDLINE, Web of Science,
EMBASE, Scopus, and Cochrane's CENTRAL, without language or date restrictions. Clinical studies aligning with the PICO
question were included, and their bias risk was evaluated using the Cochrane Risk of Bias 2.0 (RoB 2) tool. Data were collected
using custom forms, and a meta-analysis was performed using random-effects inverse variance.

Results: After screening 3747 retrieved studies, seven studies were included in this systematic review and four studies were
included in the meta-analysis. Meta-analysis showed a significant increase in tooth staining using chlorhexidine on day 30
(MD=0.91, P=0.02), which intensified on day 60 (MD=1.23, P<0.01) and on day 90 (MD=1.00, P<0.01) reached relative stability.
Studies showed low heterogeneity.

Conclusion: Using chlorhexidine (CHX) in orthodontic patients leads to tooth staining, which increases up to 60 days and then
stabilizes. Careful management of CHX by reducing the concentration or adding oxidizing compounds is essential for long-term
use. In contrast, alternatives such as aloe vera, cetylpyridinium chloride, and plant extracts such as miswak show less staining,
making them viable options for concerned patients.
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Database of published trials, dissertations and conference Search strategy used Hits
proceedings
MEDLINE searched via PubMed searched on June 2, 2024", via  #1 mouthwash OR mouthrinse OR mouth*rinse OR 1871
www.ncbi .nIm.nih.gov/sites mouth*wash OR CHX OR chlorhexidine

#2 color OR discoloration OR stain OR hue OR pigment

OR spectrophotomet®

#3 #1 AND #2 Filters: Clinical Trial, Observational

Study, Randomized Controlled Trial
Web of science Core Collection was searched via web of knowledge ~ TS=(color OR discoloration OR stain OR hue OR 1067
on June 4, 2024™, via apps.webofknowledge.com pigment OR spectrophotomet*) AND TS=(mouthwash

OR mouthrinse OR mouth*rinse OR mouth*wash OR

CHX OR chlorhexidine)
EMBASE searched via Ovid on June 3, 2024" via #1 'mouthwash’/exp  OR  'mouthwash’ OR 107
http://ovidsp.dc2.ovid.com ‘chlorhexidine'/exp OR 'chlorhexidine’

#2 (‘stain'/exp OR 'stain’ OR 'staining'/exp OR 'staining'

OR ‘discoloration'/exp OR ‘discoloration' OR

‘pigmentation’/exp OR ‘pigmentation’ OR

‘spectrophotometry'/exp OR 'spectrophotometry’) AND

(‘spectrophotometer'/exp OR 'spectrophotometer)

#1 AND #2
Scopus searched via Scopus on June 2, 2024" via TITLE-ABS-KEY (color OR discoloration OR stain 150
https://www.scopus.com OR hue OR pigment) AND ALL (mouthwash OR

mouthrinse OR CHX OR chlorhexidine)
Cochrane Central Register of Controlled Trials searched via the #1 mouthwash OR mouthrinse 552
Cochrane Library Searched on June 3, 2024"™ via #2 chlorhexidine OR CHX
www.thecochranelibrary.com #3 (color OR discoloration OR stain OR

pigment

#4 spectrophotomery OR spectrophotometer

#5 (#1 OR #2) AND (#3 OR #4)
Total 3747
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[ Identification of new studies via datab and regist ]

Identification of new studies via other methods ]

Records removed before
screening:
Duplicate records removed
(n =1555)
Records marked as ineligible
by automation tools (n =0)
Records removed for other
reasons (n =0)

Records identified from*:
Databases (n = 3747)

Records identified from:
joumnals (n=7)
Registers (n =7)

Citation searching (n = 4)
Organizations(n=0)

|

Records screened > Records excluded™
(n=2192) (n=2082)

|

Reports sought for retrieval

Reports not retrieved
(n=0)

Reports sought for retrieval
(n=18)

Reports not retrieved (n =0)

(n=110)
L

Reports assessed for eligibility

(n =110)

studies included in review from
Data bases:(n = 5)

Reports excluded(n=105):
Non-orthodontic (n =79)
Only evaluated dentifrice
(n =26)

L

Reports assessed for eligibility
(n=18)

y

Total studies included in the
review: (n =7)

Reports of total included in meta-
analysis:(n =4)

$2909 Qw&.« ‘5‘}3 L""‘"‘.j‘.’, CJ)L?}U .\ﬁ}aﬁs

Reports excluded(n=16):
Non-orthodontic (n = 12)
Evaluated dentifrice (n =4)
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Risk of bias domains

=
)
N

O
w

D4

O
a1

Overall

Anderson, 1997

Andrucioli/ 2023

Brightman/ 1991

Nisha /2023

Herrera/2018

Soheilifar/2021

Salehi/2006

COO00®
OJOI I O X
OX JL L IO X
O00O9SS
000096
L JOJOL | 100

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -

Judgement

@ Hion

Some concerns

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

. Low

. No information

ROB b cldlas (8 g (o2 ¥ 2 o0

Sl RS gla oy S o staining index ol i 5,
Sheslaal pag g el caad pl w59, 53 JRS

o plol iy K S
s Mean-Difference (MD) ;| gl 42 gy s AL
random- 3 &ldlas rla.d‘ sl By, e s w
L .5 S eslanul effects inverse variance meta-analysis
Hartung 5 Knapp C)Lol 3 ol las VS MUl & 4 g
# e .uS eslixul Confidence Interval awl>ws (gl
sl A s xSe5lul (Pls) Prediction Intervals 740 ¢!
3 oWl Kl ob,l sl dd dmlows b pdbTe
12 metric y Chi-squared Q test «(t?) s gdoes o e

sy OLE doys Yl eSS 1P slae Ll ealal

95 g odd 5yl Oldlas plad FLd By, kS
A 2Ll OIS Cose w4y JE b 4 sk
2L gl SWlas S s Sy s
Cochrane Risk of Bias tool for asliiew » 51 2Jb gla

Y 5 ga5) A eslasl randomized trials (RoB 2)
b bl s 5 Asl g Olsebl Ol5ms 5 CokeS i o0
Grading of Recommendations Assessment, 3 o5l

Development and Evaluation ranking system
Gob ) Ol .28 8 13 w4 3,99 (GRADE)

A Jpda) As O b s OB b 5 Eou
03 wlin Gy o odd Ol WY OleMb)
S~ EB cald 5o wh 5,5 4 by SNl
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Certainty assessment Certainty
Neof Study Riskof Inconsistency Indirectness Imprecision Other
studies design bias considerations
Staining index after 30 days
2 RCT  serious® not serious not serious serious® none o000
Low
Staining index after 60 days
2 RCT  serious® not serious not serious serious® none o000
Low
Staining index after 90 days
2 RCT  serious*  not serious not serious serious® none 1 10)0)
Low

a. Some of the included studies had “Some Concerns” or “High Risk” regarding their risk of bias

b. Low number of studies included in the meta-analysis
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5 Brightman 5 ™y, 5 Andrucioli  asllae
e 13 e Sl iy ¥ T PL s T
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Deviations from the intended 4 bg,. Jlw
interventions

«sls (some  concerns)
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sdiS i ,l% @ 05 subjective sy b (g5lu) S
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bl 39 g

S8 5 ¥ glajy, s staining index s, HHGTke
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CHX Ceontrol Staining index after 30 days of CHX use Weight

Study N Mean SD N Mean SD with 95% CI (%)
Andruciolif 2023 17 1.4 .46 16 A .02 E —- 1.30 [ 1.07, 1.53] 49.07
Brightman/ 1991 17 1.07 A7 17 .54 A ] E 0.53[0.44, 0.62] 50.93
Overall -+—- 0.91[0.15, 1.66]

Heterogeneity: 1° = 0.29, I° = 17.38% :

Test of 6, =6;: Q(1) = 38.10, p = 0.00 i

Testof 6=0:z=2.36,p=0.02 ;

-.I5 0 é ‘II 1.[5

Random-effects REML model

Lower for CHX  Higher for CHX
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CHX Control Staining index after 60 days of CHX use Weight
Study N Mean SD N Mean SD with 95% ClI (%)
1
Andrucioli/ 2023 17 1.63 43 16 .2 .02 :—.— 1.43[1.22, 1.64] 53.04
Soheilifar/2021 25 1.84 68 25 .83 .31 —I—:r 1.01[0.72, 1.30] 46.96
1
Overall <-?-— 1.23[0.82, 1.64]
Heterogeneity: T = 0.07, I’ = 20.76%, H’ = 5.20 :
Test of 8, = 8; Q(1)=5.20, p = 0.02 i
Test of @ = 0: z = 5.88, p = 0.00 i
r T T T 1
-5 0 5 1 15 2
Random-effects REML model Lower for CHX Higher for CHX
e RIS 5 ealinal 5, 5l dey K s TOrESt plot is ges £ 5 suas
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CHX Control Staining index after 90 days of CHX use  Weight

Study N Mean SD N Mean SD with 85% CI (%)
Anderson/1997 13 139 65 15 6 51 —l—é— 0.79[0.36, 1.22] 14.28
Brightman/ 1991 17 1.58 .22 17 .54 A l 1.04[0.93, 1.15] 85.74
Overall + 1.00[0.83, 1.18]

Heterogeneity: T = 0.01, I’ = 17.53%, H = 1.21 :

Testof 6= 67 Q(1)=1.21, p=0.27 i

Test of 6 = 0: z = 11.49, p = 0.00 i

-.l5 0 I5 ‘i 115
Random-effects REML model Lower for CHX Higher for CHX
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