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Abstract
Objective  To analyse the available evidence regarding the incidence and severity of white spot lesions (WSLs), 
plaque accumulation and salivary caries-associated bacteria(SCB) in clear aligners (CA) verses conventional fixed (CF) 
orthodontic appliances.

Methods  Electronic searches of MEDLINE, Scopus, Embase, Google Scholar, Clinical trial registry, OpenGrey 
and ProQuest were done for all relevant studies. Eligibility criteria were; Randomized Controlled Trials and Non-
Randomized Studies that compared the incidence and severity of WSLs, plaque accumulation and SCB between CA 
and CF appliances in patients undergoing orthodontic treatment. The risk of bias(ROB) and certainty of evidence was 
assessed independently by two reviewers using Cochrane’s ROB and GRADEpro, respectively. Standardized mean 
difference (SMD) was used to estimate the effect size using STATA 17 software.

Results  A total of 14 studies met the eligibility criteria, and eight were suitable for meta-analysis. The qualitative 
results showed lower incidence and severity of WSLs, plaque accumulation, and SCB in CA group compared to CF 
appliances. The pooled results showed significantly lower plaque accumulation(SMD − 1.58;95%CI:-2.57,0.58;p = 0.002) 
in CA compared to CF appliances.

Conclusions  A moderate-quality evidence reveals less plaque accumulation and less SCB in CA, which might be 
related to the reduced incidence and severity of WSLs associated with CA when compared with CF appliances. 
However, the results of the present study should be interpreted with caution given the high ROB among some of the 
included studies as well as the marked heterogeneity across the studies.

Clinical relevance  For patients who can be treated with either CA or CF appliances, CA may be a better choice 
concerning oral health.
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      Introduction
White spot lesions (WSLs) are consequences of subsur-
face enamel demineralization caused by acid producing 
caries-associated bacteria in the plaque. WSLs manifest 
as chalky white opacity of enamel and is an undesir-
able common complication of orthodontic treatment 
[1]. Several studies have reported a substantial increase 
in the prevalence of WSLs in orthodontic patients rang-
ing from 2 to 97% [2]. Although, it is believed that these 
lesions may reduce or even disappear after appliance 
debonding due to the remineralizing potential of saliva, 
[3] some of the lesions may still persist much longer [4]. 
The significant increase in prevalence of these lesions 
during fixed appliance treatment is attributed to the 
increase in plaque retentive areas that hinder the routine 
oral hygiene measures, further increasing the plaque load 
around the brackets.

Apart from plaque accumulation, fixed orthodontic 
appliance induces alterations in oral microbiota; it has 
been reported that there are increased levels of Strepto-
coccus mutans and Lactobacillus species in the oral cav-
ity detected after bonding orthodontic attachments [5, 
6]. Furthermore, analysis by checkerboard DNA-DNA 
hybridization technique has shown multi-colonization 
of several bacterial species including cariogenic micro-
organism on metallic brackets soon after bonding [7]. In 
addition, a recent study based on RT PCR quantification 
of salivary levels of caries-associated bacteria in patients 
with fixed orthodontic appliance revealed increased 
levels compared to non-orthodontic patients [8]. The 
increase in plaque coupled with elevation in caries-asso-
ciated bacterial counts in biofilm and saliva [5] eventually 
reduces the pH resulting in enamel demineralization.

Recently, there has been an increase in aesthetic 
demands among patients seeking orthodontic treat-
ment [9]. Clear aligners (CA) are transparent removable 
thermoplastic trays that is believed to be safe, aesthetic, 
removable and comfortable orthodontic appliance. They 
enable patients to carry out routine oral hygiene proce-
dures and thereby reducing the negative effects of orth-
odontic appliance on periodontal health [10]. However, a 
2.85% overall incidence of new WSLs has been reported 
with the use of CA and 28% of the patients were affected 
by at least one new WSL considering all the assessed 
teeth [11]. In addition, surface area of the WSLs has 
been found to be large but with less mineral loss dur-
ing CA treatment compared to fixed appliance treat-
ment [12]. This can be attributed to the fact that patients 
are advised to wear aligners approximately 22  h a day 
for optimal results which interrupts the self-cleansing 

activities of orofacial soft tissues allowing further accu-
mulation of plaque under the aligner [13] and hampers 
the cleansing, buffering and remineralizing properties of 
saliva. Another study reported increase in caries- caus-
ing microbes namely, Streptococcus and Lactobacillus, 
within 24 h of CA wear [14].

Although, many studies on the periodontal health sta-
tus, incidence of WSLs and salivary caries-associated 
bacterial levels in patients undergoing treatment with CA 
and fixed orthodontic appliances have been done, there 
are still some controversies existing [15]. Recent findings 
by Shokeen et al. [16] reported that CA treatment has 
less negative impact on clinical oral health outcomes than 
fixed orthodontic appliance. However, Chhibber et al. 
[17] and Pango et al. [18] reported no significant differ-
ence in the oral hygiene levels between CA and conven-
tional brackets during long term orthodontic treatment. 
A study by Mummolo et al. [19] reported abundance in 
Streptococcus mutans during fixed appliance treatment 
compared to CA treatment whereas another study based 
on 16 S rRNA gene found no significant variations in the 
relative abundance of Streptococcus between the aligner 
and fixed appliance treatment [20].

To our best knowledge, there are no systematic reviews 
that have compared conventional fixed (CF) orthodontic 
appliance solely with CA focussing on plaque accumula-
tion and salivary caries-associated bacteria (SCB) collec-
tively, which have a direct influence on development and 
severity of WSLs. Hence, this review was conducted with 
the objective of systematically synthesizing all the avail-
able evidence regarding the following research question: 
Is there a difference in plaque accumulation measured by 
plaque index (PI), SCB, incidence and severity of WSLs 
(outcomes) in orthodontic patients (population) under-
going CA (intervention) and CF orthodontic appliance 
(control) treatment?

Materials and methods
Protocol and registration
This review was conducted in accordance with Cochrane 
Handbook for Systematic Reviews of Interventions and 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 statement [21]. The 
protocol of the systematic review was registered in OPEN 
SCIENCE FRAMEWORK registries (DOI: https://doi.
org/10.17605/osf.io/kcpvb).

Eligibility criteria
The eligibility criteria applied for the systematic review 
are presented in Table 1.

Registration  Open Science Framework (DOI:https://doi.org/10.17605/osf.io/kcpvb).

Keywords  Clear aligners, White spot lesions, Plaque index, Salivary caries-associated bacteria

https://doi.org/10.17605/osf.io/kcpvb
https://doi.org/10.17605/osf.io/kcpvb
https://doi.org/10.17605/osf.io/kcpvb
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Information sources, search strategy and study selection
A 3-month comprehensive electronic database search 
was conducted from January 2022 up to May 2023. Lit-
erature (1990-  May 2023) from relevant databases: 
PubMed, Scopus and Embase, and Google Scholar were 
included in the review. Search of the grey literature was 
also performed on Opengrey and Proquest Dissertation 
Abstracts and Thesis database. An additional search was 
performed in ClinicalTrials.gov (www.clinicaltrials.gov). 
A combination of index terms (Medical Subject Headings 
(MeSH) for PubMed and other relative terms pertaining 
to the databases) and keywords were used to perform 
search. The detailed search strings are presented in the 
Table  2. Hand searching was performed from the refer-
ence lists of included articles and published systematic 
reviews.

All the identified records were imported into reference 
management software (desktop version of EndNote®, ver-
sion X9; Clarivate Analytics). After removal of duplicates, 
two reviewers (S.R and E.A) independently screened the 
articles based on title and abstracts using Rayyan System-
atic Review Screening Software (https://www.rayyan.ai). 
The full texts of potentially eligible studies and those with 
insufficient information in the abstract were retrieved 
and read in full for the final selection. Articles that did 
not meet any one or more of the inclusion criteria were 
excluded. Any disagreements in screening and includ-
ing potentially relevant articles were resolved by a third 
reviewer (S.A).

Data extraction
Data extraction was performed by two reviewers (S.R and 
E.A) independently using a standardized data extraction 
form that comprised the following items:

 	• Study information: Author, year of publication, study 
design, study setting and sample size and funding.

 	• Population: Age, gender.

 	• Intervention and control: Type of appliance.
 	• Outcomes: Outcome measures (pertaining to the 

review), method of obtaining the outcome measures, 
follow-up periods and results . For few studies 
[16, 22] Web plot digitizer (https://automeris.io/
WebPlotDigitizer/website) was used to extract 
the data from the graphs and plots. Some of the 
authors were contacted through email for obtaining 
clarifications, missing and additional data.

Risk of bias (ROB) assessment in individual studies
A revised version of Cochrane risk-of-bias tool ROB 2 
[23] and ROBINS-I [24] was used to assess the risk of 
bias in Randomised Control Trials (RCTs) and non-ran-
domized studies of intervention (NRSIs), respectively. 
The risk of bias assessment tool for RCTs is based on the 
following 5 domains to evaluate the risk of bias as a result 
of: randomization process, deviation from intended 
intervention, missing outcome, inappropriate measure-
ment of outcome and selective reporting of results. The 
overall judgment can be of ‘low/ high risk of bias’ or can 
express ‘some concerns. The risk of bias assessment tool 
for NRSIs is based on the following 7 domains to evalu-
ate the risk of bias due to confounding, selection of par-
ticipants, classification of interventions, deviation from 
intended intervention, missing outcome, inappropri-
ate measurement of outcome and selection of reported 
results. The overall judgment can be of ‘low/ moderate/ 
serious/ critical risk of bias or ‘no information’. All the 
extracted data were cross-verified by 2 reviewers (S.R 
and E.A) any discrepancies were resolved by the third 
reviewer (N.S).

Summary measures and synthesis of results
For the effect size calculation, the mean and standard 
deviation (SD) were extracted from all the included stud-
ies. In the absence of means and SDs, these were derived 

Table 1  The eligibility criteria applied for the systematic review and Meta- analysis
Inclusion criteria Exclusion criteria

Population -Patients with normal general health
-Patients requiring comprehensive orthodontic treatment
-Dentition: Late mixed and permanent dentition
-No active caries lesion

-Pre-existing periodontal or salivary gland diseases
-Patients under antibiotics or analgesics

Intervention -Clear aligners
Control -Conventional fixed orthodontic appliance -Self- ligating brackets

-Lingual appliance
Outcome -Incidence of WSLs

-Severity (Depth and Surface area of lesion) of WSLs
-Plaque index
-Salivary cariogenic bacteria (Streptococcus mutans and Lactobacillus acidophilus)

Study design -RCTs
-Cohort studies

-Cross sectional studies
-Case-control studies
-Case reports
-Case series

Language -English

http://www.clinicaltrials.gov
https://www.rayyan.ai
https://automeris.io/WebPlotDigitizer/website
https://automeris.io/WebPlotDigitizer/website
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from the reported medians, inter-quartile ranges, or con-
fidence intervals (C.I.s). As the eligible studies assessed 
the PI at varying and multiple time-points, the data for 
the maximum time-point from each of the included 
studies was considered for meta-analysis. The influence 
of the time-point on the effect size was considered as 
continuous moderator (assessment duration in months) 
in the meta-regression analysis. Sub-group analysis was 
conducted for categorical moderator based on the study-
design (RCT and NRSI). In addition, three separate 
meta-analysis were conducted based on the PI follow-up 
duration (at 3, 6 and 12 months) to assess effect size at 
these time-points.

The standardized mean differences (SMD) and 95% 
C.I. for PI was used in the summary measures. Random 
effects meta-analysis with restricted maximum likelihood 
method was conducted. Statistical heterogeneity was first 

examined through visual inspection of the C.I. for the 
treatment effects on forest plots. A chi-square (p-value 
below the level of 10%) was considered as indicative of 
significant heterogeneity) and I2 tests (value greater than 
50% was considered as substantial heterogeneity) were 
applied to assess the heterogeneity. Predictive intervals 
(95% P.I.) were calculated to incorporate existing hetero-
geneity and to provide a range of possible effects in future 
studies. All the analyses were performed using STATA 17 
software (StataCorp, College Station, TX).

Risk of bias across the studies
Contour- enhanced funnel plot was decided to be gener-
ated to assess publication bias if at least 10 studies were 
to be included in the meta-analysis.

Table 2  The search strategy used in the review using MeSH terms (PubMed), key words and terms related to other database
S. No Database Search strategy
1 Medline via PubMed

WSLs ((((orthodontic appliance, removable) OR (clear aligner)) OR (invisalign)) OR (thermoplastic orthodontic appliance)) AND 
(((((((((Dental caries) OR (Deminerali*)) OR (White spot lesion)) OR (Incipient lesion)) OR (Incipient carious lesion)) OR 
(Early enamel caries)) OR (Early enamel carious lesion)) OR (Subsurface enamel lesion)) OR (Subsurface lesion))

Plaque index (((orthodontic appliance, removable) OR (clear aligner)) OR (invisalign)) OR (thermoplastic orthodontic appliance)) AND 
(((((Periodont*) OR (Oral health)) OR (Oral hygiene)) OR (Plaque index)) OR (PI))

Salivary 
caries-associated 
bacteria

((((orthodontic appliance, removable) OR (clear aligner)) OR (invisalign)) OR (thermoplastic orthodontic appliance)) AND 
(((((microb*) OR (microorganism)) OR (streptococc*)) OR (lactobacill*)) OR (microflora))

2 Scopus
WSLs (aligner OR thermoplastic aligner OR clear aligner OR removable orthodontic appliance OR invisalign AND tooth demin-

eralization OR white spot lesion OR early enamel caries OR subsurface lesion OR incipient caries OR dental caries)
Plaque index (aligner OR thermoplastic aligner OR clear aligner OR removable orthodontic appliance OR invisalign AND oral hygiene 

OR oral health OR periodontal health OR dental plaque index OR PI OR plaque)
Salivary 
caries-associated 
bacteria

(aligner OR thermoplastic aligner OR clear aligner OR removable orthodontic appliance OR invisalign AND microorgan-
isms OR microbiome OR microbes OR microflora OR lactobacillus OR streptococcus OR lactobacilli OR streptococci)

3 Embase
WSLs (aligner OR ‘orthodontic aligner’ OR (thermoplastic AND clear AND aligner) OR ‘removable orthodontic appliance’ OR 

‘invisalign’) AND (‘white spot lesion’ OR ‘dental caries’ OR (tooth AND demineralization) OR (enamel AND demineraliza-
tion) OR ‘demineralization’ OR ‘decalcification’ OR (incipient AND lesions) OR (subsurface AND lesion))

Plaque index (aligner OR ‘orthodontic aligner’ OR (thermoplastic AND clear AND aligner) OR ‘removable orthodontic appliance’ OR 
‘invisalign’) AND (‘periodontal health’ OR ‘oral health’ OR ‘oral hygiene’ OR ‘plaque index’ OR ‘oral health status’

Salivary 
caries-associated 
bacteria

(aligner OR ‘orthodontic aligner’ OR (thermoplastic AND clear AND aligner) OR ‘removable orthodontic appliance’ OR 
‘invisalign’) AND (‘microorganism’ OR ‘microflora’ OR ‘streptococcus’ OR ‘lactobacillus’ OR ‘microbiome’)

4 Google scholars
WSLs and 
Plaque index 
and Salivary 
caries-associated 
bacteria

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=clear+aligners+OR+invisalign+OR+removable+applianc
es+AND+white+spot+lesions+OR+caries+AND+plaque+OR+oral+health+AND+salivary+microorganisms+OR+salivar
y+microbiome&btnG

5 ProQuest and Opengray
WSLs and 
Plaque index 
and Salivary 
caries-associated 
bacteria

clear aligners AND whitespot lesions OR caries AND plaque index AND salivary cariogenic bacteria OR salivary 
microbiome

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=clear+aligners+OR+invisalign+OR+removable+appliances+AND+white+spot+lesions+OR+caries+AND+plaque+OR+oral+health+AND+salivary+microorganisms+OR+salivary+microbiome&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=clear+aligners+OR+invisalign+OR+removable+appliances+AND+white+spot+lesions+OR+caries+AND+plaque+OR+oral+health+AND+salivary+microorganisms+OR+salivary+microbiome&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=clear+aligners+OR+invisalign+OR+removable+appliances+AND+white+spot+lesions+OR+caries+AND+plaque+OR+oral+health+AND+salivary+microorganisms+OR+salivary+microbiome&btnG
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Quality of evidence
The certainty of evidence using the GRADE approach 
was used to rate the quality of evidence of estimates 
(high, moderate, low, and very low) derived from the MA 
using GRADEpro GDT software (https://www.gradepro.
org). The GRADE summary of findings was categorized 
based on the study design. Accordingly, two tables were 
created for the plaque accumulation (RCT and NRSI). 
Two reviewers (S.R and N.S) independently assessed the 
confidence in effect estimates for outcomes synthetized 
quantitatively using the following categories: risk of bias, 
inconsistency, indirectness, imprecision, and publication 
bias.

Results
Study selection and characteristics
The results of search and study selection are shown in 
Fig.  1. The total number of reports identified was 1862 
(1858 from the databases and registry and 4 reports from 
grey literature). After removal of 435 duplicates, 1427 
reports were included in the title and abstract screen-
ing. Of these, 1403 from the databases and 2 from grey 
literature were excluded and only 22 reports (20 from the 
databases and 2 grey literature) were entitled for full text 
screening. Due to non-availability of 2 full text reports 
from databases, 20 reports (18 from the databases and 
2 grey literature) were screened. The full texts of poten-
tially eligible articles were assessed by the two review-
ers (S.R and E.A), of which 6 (5 from the databases and 
1 grey literature) were excluded for various reasons. The 
list of excluded studies along with reason of exclusion is 
summarized in online resource 1. Finally, 14 articles [12, 

16–19, 22, 25–32] were included for qualitative analysis 
out of which 8 articles were suitable for meta-analysis.

The characteristics of included studies are depicted in 
Tables 3, 4 and 5. This systematic review included 5 RCTs 
[12, 17, 26, 27, 31] and 9 NRSI [16, 18, 19, 22, 25, 28–30, 
32]. Four of the included studies [12, 29–31] investigated 
the incidence of WSLs, eight studies [16–18, 22, 26–28, 
32] investigated plaque accumulation as one of the pri-
mary outcomes and two studies [19, 25] investigated SCB 
as primary outcome and plaque accumulation as addi-
tional outcome.

Out of 4 studies that assessed the WSLs, two were 
RCTs [12, 31] and two were NRSIs [29, 30]; one study 
followed a retrospective design [29] and the other a pro-
spective design [30]. The method used to assess the inci-
dence were different across the study. Two studies [29, 
31] used digital photographs, 1 study used Quantitative 
Light Fluorescence [12] and 1 study assessed WSLs by 
visual examination [30]. Among these, only 2 studies [12, 
31] assessed the severity of WSLs in terms of surface area 
and 1 study [12] in terms of the depth of lesions.

Out of the 10 studies that evaluated plaque accumula-
tion (as primary or additional outcome) using PI, three 
were RCTs [17, 26, 27] and the others [16, 18, 19, 22, 
25, 28, 32] were observational studies. The indices used 
to measure the outcome and the time points of plaque 
quantification were varying across the studies. Two stud-
ies [18, 26] used PI of Silness and Loe, five studies [17, 22, 
27, 28] used Modified plaque index of Loe, one study [16] 
used Turesky Modified Quigley Hein Plaque Index and 
two studies [19, 25] did not mention the index used. The 
two observational studies [19, 25] that investigated sali-
vary caries-associated bacteria had assessed the number 

Fig. 1  The PRISMA 2020 Flow Diagram of article retrieval

 

https://www.gradepro.org
https://www.gradepro.org
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of subjects (percentage) with Streptococcus mutans and 
Lactobacilli greater than 105 CFU/ml as outcome mea-
sure. All the outcomes were measured at different time 
points ranging from 1 to 18 months.

Risk of bias within studies
All the included studies had limitations in methodology 
that contributed to bias. The overall risk of bias of all 
included RCTs [12, 17, 26, 27, 31] and three NRSIs [22, 
29, 32] were graded as high risk whereas the risk of bias 
of the other five NRSIs [16, 18, 19, 25, 30] were graded 
as moderate. Risk of bias of one of the studies [28] could 
not be judged as there was no information on the missing 
data.

-RCTs.
The risk of bias assessment and the overall judgement 

is shown in Fig. 2. All included RCTs [12, 17, 26, 27, 31] 
suffered high risk of bias in measurement of the outcome 
mainly due to lack of blinding of assessors and only one 
study [27] was additionally graded high risk of bias aris-
ing from the randomization process. Four studies [12, 26, 
27, 31] showed some concerns in the bias due to devia-
tions from intended intervention and all studies in the 
bias in selection of the reported result. All studies were at 
low risk of bias due to missing outcome data.

-NRSI
The risk of bias assessment and the overall judgement is 
shown in Fig.  3. Three included NRSI [22, 29, 32] were 
graded as high risk of bias and other five studies [16, 
18, 19, 25, 30] were graded as moderate risk due to con-
founding factors. All studies suffered moderate risk of 
bias in domains 6–7. On the other hand, all studies were 
at low risk of bias in domains 2–5.

Results of individual studies and meta-analysis
a.	 Plaque accumulation.

Among the 10 included studies [16–19, 22, 25–28, 32] 
less plaque accumulation and better oral hygiene main-
tenance was reported by eight of them [16, 19, 22, 25–28, 
32] and only two [17, 18] found no difference between 
the two groups. Only eight studies [16–19, 22, 26, 27, 32] 
were included in the meta-analysis out of which 3 were 
RCTs and 5 were NRSIs. The observed SMD ranged from 
− 3.92 to -0.12, all the estimates being negative (100%) 
favouring the CA. The estimated average SMD based on 
the random-effects model was − 1.58 (95% CI: -2.57 to 
-0.58) and it differed significantly (z = -3.11, p = 0.002) 
favouring lesser plaque accumulation in the CA as 
depicted in the forest plot (Fig. 4).

According to the Q-test, the true outcomes appear to 
be heterogeneous (Q (7) = 102.76, p < 0.0001, tau² = 1.91, 
I² = 93.85%). Subgroup analysis (Fig.  5), based on the 
type of study design revealed the same trend favouring 

Table 3  Characteristics of included studies reporting incidence and severity of WSLs comparing CAs and CF orthodontic appliances
Author,
Year

Study design and study setting Sample 
size M\F

Age (years) Method of 
evaluation

Result for all outcomes Funding

Bus-
chang et 
al., 2019 
[29]

Retrospective Cohort
Private practice and at the Depart-
ment of Orthodontics, Texas
A&M University College of 
Dentistry.

CA-244
(64% F)
CF- 206
(63% F)

CA: 30.4 ± 14
CF: 
29.2 ± 11.5

Digital 
photographs

Percentage of patients 
developing new lesions in 
the maxillary teeth
(at the end of orthodontic 
treatment)

CA 0.8% Not 
mentionedCF 18.9%

Percentage of patients 
developing new lesions in 
the Mandibular teeth

CA 0.4%
CF 15.3%

Albhaisi 
et al., 
2020 
[12]

RCT
Postgraduate orthodontic clinic at 
Jordan University of Science and 
Technology.

CA-27 
(7 M/20F)
CF- 22 
(3 M/19F)

CA- 21.2
CF- 21.3

QLF Number of newly developed 
lesions

CA 143 Not 
mentionedCF 165

Avg. fluorescence loss ( 
T1- T0)

CA -0.4
CF -1.2

Lesion area in pixels ( T1- T0) CA 82.2
CF 9.3

Dallel et 
al., 2020 
[30]

Prospective cohort
CFculty of Dental
Medicine, University of Monastir, 
Monastir, Tunisia

CA- 47 
(25 M/22F)
CF- 31 
(14 M/17F)

CA- 15.6 ± 3
CF-16.75 ± 2

Visual 
examination

Percentage of newly devel-
oped lesions

CA 7 Not 
mentionedCF 29

Hussin 
Alshatti, 
2017 
[31]

RCT
Division of Orthodontics, Depart-
ment of CranioCFcial Sciences, at 
the 
University of Connecticut Health 
Center

CA- 15
CF- 15
Gender 
distribu-
tion not 
mentioned

CA- 
21.44 ± 11.63
CF- 
14.47 ± 3.99

Digital 
photographs

Percentage of patients de-
veloping new lesions ( From 
T0 to T2)

CA 41.18 Not 
mentionedCF 52.94

Lesion surface area (Mean 
T2- Mean T0)

CA 0.06 
(0.09)

CF 0.09 
(0.11)
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Table 4  Characteristics of included studies reporting Plaque accumulation using Plaque Index (PI) comparing CAs and CF orthodontic 
appliances
Author,
Year

Study design and study 
setting

Sample size 
M\F

Age (years) Outcome measures 
(Index used)

Results at different follow-up 
time period; Mean (SD)

Funding

Abbate et al., 
2015 [26]

RCT
Department of Orthodontics, 
School of Dentistry, University of 
Insubria, Varese, Italy

CA-25
CF- 25
Gender dis-
tribution not 
mentioned

10–18 Mean plaque index 
score
(Plaque index of Sil-
ness and Loe)

3 M* CA 0.64 (0.48) Not 
men-
tioned

CF 1.92 (0.63)
6 M CA 0.31 (0.47)

CF 2.32 (0.65)
12 M CA

CF
0.36 (0.48)
2.42 (O.6)

Chhibber et 
al., 2018 [17]

RCT
The outpatient
orthodontic clinic, University of 
Connecticut Health,
Farmington, Conn

CA-27 
(20 M/7F)
CF − 22 
(12 M/10F)

16.56 ± 3.99
14.56 ± 3.92

Mean plaque index 
score
(Modified index of 
Loe)

9 M CA 0.83 (0.48) Align 
Technol-
ogy, San 
Jose, 
California

CF 1.32 (0.67)
18 M CA 0.92 (0.58)

CF 1.32 (0.67)

Karkhanechi 
et al., 2013 
[22]

Prospective cohort
Department of Orthodontics, 
College of Dentistry, New York 
University

CA- 20 
(8 M/12F)
CF- 22 
(6 M/16F)

28 ± 6.86
34 ± 7.18

Mean plaque index 
score
(Modified index of 
Loe)

1.5 M CA 0.67 (0.44) Not 
men-
tioned

CF 0.88 (0.45)
6 M CA 0.67 (0.38)

CF 1.26 (0.38)
12 M CA 0.62 (0.29)

CF 1.13 (0.29)
Levrini et al., 
2013 [27]

RCT
Department of Orthodontics, 
School of
Dentistry, University of Insubria, 
Italy

CA- 10 
(3 M/7F)
CF- 10 
(3 M/7F)

24.6 ± 6.4
25.7 ± 3.4

Mean plaque index 
score
(Modified index of 
Loe)

1 M CA 0.35 (0.48) Not 
men-
tioned

CF 0.95 (0.94)
3 M CA 0.4 (0.59)

CF 1.15 (0.67)

Miethke et 
al., 2005 [32]

Concomitant trial
Department of Orthodontics 
and Dentofacial Orthopedics of 
the Charité Berlin.

CA- 30
CF30
(43 M/17F)

18–51 (30.1) Mean plaque index 
score
(Modified index of 
Loe)

6 M CA 0.48 (0.41) Not 
men-
tioned

CF 0.8 (0.58)
7 M CA 0.41 (0.37)

CF 0.56 (0.44)
8 M CA 0.28 (0.32)

CF 0.5 (0.53)
Mummolo et 
al., 2020 April 
[19]

Prospective cohort
A dental clinic at Abruzzo 
(Central Italy)

CA-40 (24/ 
16)
CF-40 (22/18)

20.4 ± 1.7
21.3 ± 1.7

Mean plaque index 
score
(Index not specified)

3 M CA 0 (0.0000) Not 
men-
tioned

CF 0.7 (0.55)
6 M CA 0 (0.0000)

CF 1.4 (0.5)
Mummolo et 
al., 2020 [25]

Prospective cohort
A dental at Abruzzo (Central 
Italy)

CA-30
CF- 30

21.5 ± 1.5
23.3 ± 1.6

Mean plaque index 
score
(Index not specified)

3 M CA 0 (0.0000) Not 
fundedCF 0.7 (0.59)

6 M CA 0 (0.0000)
CF 1.3 (0.46)

Pango et al., 
2020 [18]

Prospective cohort
Section of Orthodontics and 
Temporomandibular Disorders 
of the University of Naples 
Federico II, Italy

CA- 20 (5/15)
CF- 20 (9/11)

34.7 ± 12.5
20.6 ± 8.1

Median IQR
(Plaque index by 
Silness and Loe)

3 M CA 11.93a

(16.75)
Not 
funded

CF 13.96a (16.35)

Shokeen et 
al., 2022 [16]

Prospective cohort
University of California Los 
Angeles (UCLA) School of Den-
tistry, Orthodontics Clinic

CA- 12 (4/8)
CF- 12 (4/8)

29 ± 12
22 ± 13

Mean plaque index 
score
(Turesky Modified 
Quigley Hein Plaque 
Index)

1 M CA 1.31 (1.43) Univer-
sity of 
Buffalo 
and
The 
Forsyth 
Institute

CF 2.07 (1.91)
3 M CA 2.04 (0.90)

CF 2.17 (0.97)
6 M CA 1.70 (0.90)

CF 2.45 (0.97)
12 M CA 1.71 (0.83)

CF 2.64 (0.79)
Levrini et al., 
2015 [28]

Prospective cohort
Department of Orthodontics of 
the University of Insubria.

CA- 32 (5/27)
CF- 35 
(18/17)

16–30 (24.3) Mean plaque index 
score
(Modified index of 
Loe and Silness)

No data available Not 
funded

* M: Months a Median (IQR) converted to Mean
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CA and the heterogeneity was found to be high in both 
the subgroups (RCT − 1.79, 95% CI: [-3.629, 0.043] and 
I² = 93.6%, NRSI − 1.457 95% C.I.: -2.766, -0.147] and I² 
= 94.91%). Meta regression analysis using duration as 
continuous moderator reported I2 residual statistic as 
94.57%, which still suggests high heterogeneity (online 
resource 3). In addition, duration did not influence the 
effect size (z=-0.09, p = 0.93). A 95% P.I. (online resource 
2) was found to be -5.181 to 2.025 which indicates that 
the possibilities of the estimate to be positive in the 

future studies, though the average outcome is estimated 
to be negative.

Three separate forest plots showing the pooled effect 
size with 95%C.I. for the time-points 3, 6 and 12 months 
were presented in Fig. 6a-c. The number of studies with 3 
months and 6 months was five, and with 12 months fol-
low up was three.

At all the three time points, the effect size was favour-
ing CA and it is statistically significant (P < 0.05).

b.	 Salivary caries-associated bacteria.

Table 5  Characteristics of included studies reporting Salivary Cariogenic Bacteria (SCB) comparing CAs and CF orthodontic appliances 
(Included for quantitative synthesis)
Author,
Year

Study design and 
study setting

Sample size 
M\F

Age (Years) Outcome 
measures

Results at different follow-up time 
period

Fund-
ing

Mummulo et 
al., 2020 [19]

Prospective cohort
A dental clinic at 
Abruzzo (Central 
Italy)

CA-40  (24 M/ 
16 F)
CF-40 
(22 M/18F)

20.4 ± 1.7
21.3 ± 1.7

Number of subjects 
with S. mutans and 
Lactobacilli CFU/
ml > 105

3 M SMa CA 0 Not 
men-
tioned

CF 8
LBb CA 0

CF 8
6 M SM CA 3

CF 15
LB CA 1

CF 15
Mummulo et 
al., 2020 [25]

Prospective cohort
A dental clinic at 
Abruzzo (Central 
Italy)

CA- 30 
(18 M/12F)
CF- 30* 
(22 M/12F) *

21.5 ± 1.5
23.3 ± 1.6

Number of subjects 
with S. mutans and 
Lactobacilli CFU/
ml > 105

3 M SM CA 0 Not 
fundedCF 6

LB CA 1
CF 8

6 M SM CA 3
CF 12

LB CA 4
CF 12

aSM = Streptococcus mutans bLB = Lactobacilli *As given in the article

Fig. 2  Risk of Bias summary outlining judgement of ROB items of Randomized controlled trials using – ROB2
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Fig. 4  Meta- analysis (Random effects model): Forest plot comparing PI in patients with CA (Treatment) to those with CF orthodontic appliances (Control) 
(N-No. of Samples, SD: Standard deviation, CI: Confidence interval)

 

Fig. 3  Risk of Bias summary outlining judgement of ROB items of Non randomised studies of Interventions using ROBINS- I
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Both the included studies reported higher concentration 
of caries-associated bacteria in CF orthodontic appli-
ances as compared to CA [19, 25]. Meta-analysis of the 
SCB outcome was not carried out due to lack of sufficient 
number of studies.

c.	 White spot lesions.
Only four studies [12, 29–31] that assessed the incidence 
of WSLs were available. Less risk of developing WSLs 
in CA than CF orthodontic appliances was reported by 
three studies [12, 29, 30] whereas one study reported no 

difference in the incidence and severity of WSLs between 
CA and CF orthodontic appliances [31]. As different 
methodologies were adopted in each one of the studies, 
meta-analysis for incidence and severity of WSLs was not 
possible.

Risk of bias across studies
Due to sparse datasets included in the synthesis that 
assessed PI, funnel plots were not generated to assess 
publication bias.

Fig. 5  Subgroup analysis of studies reporting plaque accumulation based on study design CA (Treatment); CF orthodontic appliances (Control) (N-No. of 
Samples, SD: Standard deviation, CI: Confidence interval) (RCT: Randomized Controlled Trial, NRSI –Non Randomised Studies of Interventions)
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Quality of evidence
The GRADE summary of findings (strength of evi-
dence for interventions) substantiated the evidence for 
less plaque accumulation in the clear aligner patients 
(Table 6).

In context with the evidence from I2 statistics for het-
erogeneity and ROB 2/ROBINS-I tool for risk of bias, 
downgrading for inconsistency and Risk of Bias domains 
for plaque accumulation was implemented. On the 
other hand, the evidence rating was upgraded for strong 

association as the quantitative pooling of the results 
showed a large effect. The results revealed that the qual-
ity of evidence for the plaque accumulation was graded as 
“moderate” for both RCT’s and NRSIs.

Discussion
Adult orthodontic patients tend to prefer CA over CF 
appliances as it satisfies their aesthetic demands and is 
proven to have a positive impact on the QoL [9]. Gen-
erally, quality of life (QoL) has been reported to reduce 

Fig. 6  a-c: Separate Meta- analysis (Random effects model): Forest plot comparing PI in patients with CA (Treatment) to those with CF orthodontic appli-
ances (Control) at 3 months, 6 months and 12 months (N-No. of Samples, SD: Standard deviation, CI: Confidence interval)
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during orthodontic treatment and the type of orthodon-
tic appliance is said to influence the patients functionally 
and psychologically [33]. However, it has been shown 
that CAs cause less physical and psychological disabili-
ties compared to fixed appliances [33]. Based on existing 
literature, it is believed that an increase in the quantum 
of plaque, caries-associated bacteria in saliva, reduc-
tion in the salivary pH and resultant enamel demineral-
ization are unwanted sequel of orthodontic treatment 
jeopardising the aesthetics offered by orthodontic treat-
ment. There are individual studies comparing the plaque 
accumulation, SCB levels, and the incidence and sever-
ity of WSLs in patients undergoing treatment with CA 
to that of CF orthodontic appliances [12, 16, 17, 19, 29]. 
One review was identified that compared clear align-
ers with fixed orthodontic appliance in terms of the 3 
variables (WSLs, PI and SCB) [34]. The aforementioned 
study lacked robust eligibility criteria; intervention 
group included any orthodontic treatment with aligners 
and comparator group included fixed orthodontic treat-
ment, other aligner treatment or removable appliances. 
The comparator group in the review not only included 
conventional fixed appliance but also Self- ligating and 
lingual appliances, which, among themselves, exhibit dif-
ference in quantum of plaque accumulation and SCB due 
to bracket design and placement. The above mentioned 
differences among the types of fixed appliance reflect on 
the incidence of WSLs which would also vary. Hence, this 
review was conducted to synthesize explicit evidence of 
any possible link between the incidence and severity of 
WSLs, plaque accumulation and SCB in an attempt to 
distinguish these parameters between CA and CF.

Studies that compared the CA with CF orthodon-
tic appliances were only included. Other types of fixed 
orthodontic appliance such as self-ligating or lingual 
appliances were excluded due to the controversies in 
the literature related to the influence of bracket type on 
WSLs, the quantity of plaque accumulation and cario-
genic microbial colonization [35–42]. PI and SCB levels 
(Streptococcus mutans, in particular) were considered 
appropriate outcome variables as they are proven to be 
the best predictors of WSLs [43].

The qualitative assessment of the included studies 
indicated comparatively lower incidence and severity of 
WSLs and SCB with CA as opposed to CF orthodontic 
appliances which could be attributed to fewer plaque 
retention sites and ease of oral hygiene maintenance with 
CAs. In addition, plaque accumulation as assessed with 
PI was less in CA than CF orthodontic appliances. These 
findings are consistent with those of previous reviews 
[15, 34, 44]. However, the aforementioned reviews 
included self-ligating and lingual appliances in addition 
to CF orthodontic appliances, and their inclusion was 
regarded as a reason for heterogeneity. Also, no attempts Ta
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were made to explore heterogeneity in one of the sys-
tematic review while many potential articles missed their 
way into the meta- analysis (only 4 studies were included) 
even though the search was run until May 2021 [34].

Due to the large variability in the methods of WSLs 
evaluation and recording criteria (tooth-based incidence 
[12, 30] and patient-based incidence [29, 31]) adopted in 
the included studies and scarcity of studies that assessed 
SCB, meta-analysis for both of the mentioned outcomes 
was not feasible. However, quantitative analysis was 
conducted including studies that assessed plaque accu-
mulation. Only eight of ten studies with PI as outcome 
measure was considered for the analysis. Due to lack of 
data, one of the study was not included into the analysis 
[28] and out of the two studies [19, 25] that assessed for 
PI as secondary outcomes, only one with higher sample 
size [19] was included for quantitative analysis due to the 
possibility of study population being mutually inclusive 
as both the studies were conducted in similar setting and 
published in the same year by the same authors. Plaque 
accumulation in the included studies was assessed using 
different plaque indices and different teeth type and 
number. Therefore, it was considered prudent to adopt 
SMD as summary measure for PI instead of mean differ-
ence used in the previous review [44]. The findings of this 
review indicated that CA was associated with less plaque 
accumulation, less salivary caries-associated bacteria and 
reduced incidence and severity of white spot lesions than 
CF orthodontic appliances.

The primary meta-analysis was conducted by includ-
ing all the possible studies irrespective of variation in the 
duration of PI assessment and the influence of duration 
was considered as continuous covariate in meta regres-
sion model, which allowed us to pool maximum stud-
ies thereby increasing the power of meta-analysis. It is 
important to emphasize that only one dataset (dataset 
for maximum time-point) was taken from each of the 
included study to avoid the influence of dependency of 
data, which was not considered in the previous review 
[44]. Our meta-regression analysis revealed no relation-
ship between plaque accumulation and follow-up dura-
tion. In addition, separate meta-analysis based on 3 time 
points (3,6 and 12 months) did not change the direction 
of the results. Furthermore, subgroup analysis based on 
study design did not identify the source of heterogene-
ity between RCT and NRSI. The 95% prediction interval 
(ranged from − 3.89 to 1.05) revealed that although the 
average value was more towards the direction favouring 
CA, there is a possibility of absence of effect or that the 
true effect may be in the opposite direction.

It is crucial to emphasize that this review was majorly 
based on studies with high risk of bias assessment. Lack 
of blinding of assessors (not possible due to the nature of 
interventions), failure to incorporate a random element 

in generating the allocation sequence, selective reporting, 
lack of consideration of confounding factors (age, gender, 
type of malocclusion, oral hygiene status) or failing to 
adjust for the confounding factors were among the rea-
sons for this assessment. As all the included studies were 
of high risk of bias, stratified analysis based on ROB was 
not possible. Therefore, all available data were included 
in the meta-analyses as suggested by the Cochrane Hand-
book [45].

Assessment of publication bias was not feasible due 
to scarcity of studies that assessed plaque accumulation. 
Only one study [31] out of 4 reports was included from 
the grey literature. It is important to note that although 
this number is limited it adds to the strength of this 
review. It indicates that the possibility of missing any rel-
evant studies is a minimum and the number of papers 
published in a non-indexed journals is limited.

Limitations
The study level limitations include: high risk of bias 
among the included studies, and clinical and/or meth-
odological heterogeneity across the studies that affected 
the certainty and generalizability of evidence. Further-
more, inability to access all eligible studies (non- English 
and non-availability of full texts) and scarcity of primary 
studies that investigated the WSLs and SCB could be 
regarded as limitation at review level.

Conclusion
 	• Based on moderate quality evidence, CA is 

associated with less plaque accumulation than CF 
orthodontic appliances. In addition, salivary caries-
associated bacteria were found to be less with CA 
which may be related to the reduced incidence 
and severity of WSLs in CA as opposed to CF 
orthodontic appliances.

 	• Future considerations should be aimed at conducting 
a high-quality RCT to detect the direct association 
of WSLs, plaque accumulation and SCB following 
standardized protocols in terms of study design 
(randomization), selection of subjects, method of 
evaluation of WSLs and SCB (quantitative, proper 
time-points of follow up measurements). Also, 
to ensure generalizability of the results a multi-
centre study will be preferable. Additionally, RCTs 
employing pre-post design (before commencement 
and immediately after completion of orthodontic 
treatment) would minimize the risk of bias due to 
lack of blinding.
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