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Abstract
Background: Enamel white spot lesions (WSLs), characterized by an opaque, matt, and chalky white appearance of
enamel, are a sign of incipient caries. WSLs are common in orthodontic practice and can affect both the oral health
and dental aesthetics of patients. Extensive studies have been conducted to evaluate the effectiveness of
prevention or treatment for orthodontically induced enamel WSLs. However, substantial heterogeneity has been
found in the outcomes used for the prevention and treatment of WSLs in literature, which prevents researchers
from comparing and combining the results of different studies to draw more decisive conclusions. Therefore, we
aim to develop a Core Outcome Set for trials on the prevention and treatment of Orthodontically induced enamel
White Spot Lesions (COS-OWSL).
Methods: The development of COS-OWSL comprises four phases: (1) a scoping review to identify and summarize
all existing outcomes that have been used in trials on the prevention or treatment of orthodontically induced WSLs;
(2) qualitative interviews with orthodontic patients without (for prevention) and with WSL-affected teeth (for
treatment) and relevant dental professionals to identify additional outcomes relevant to them; (3) Delphi surveys to
collect opinions from key stakeholders including patients, dental professionals, and researchers and to reach a
preliminary consensus; and (4) a consensus meeting to develop the final COS-OWSL.
Discussion: The COS-OWSL will be developed to facilitate the synthesis of evidence regarding the prevention and
treatment of orthodontically induced WSLs and to promote the consistent use of relevant patient-important
outcomes among future studies in this field.
Trial registration: Core Outcome Measures in Effectiveness Trials (COMET) initiative (the COS-WSL project) 1399
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Background
Dental caries is one of the most common oral diseases
and a significant cause of tooth loss [1]. Although preventable, dental caries still shows high prevalence, and
untreated dental caries poses a significant cost burden
on oral health services [2]. White spot lesions (WSLs)
are areas of demineralized enamel characterized by an
opaque, matt, and chalky white appearance without cavitation [3, 4]. As a sign of incipient caries, WSLs can develop into cavitated carious lesions if not treated timely
[5].
Poor oral hygiene is considered a major contributor to
WSLs [6, 7]. Orthodontic treatment is also an important
risk factor, and the incidence of WSLs is significantly
higher among orthodontic patients [8]. The appliances
used in orthodontic treatment such as brackets, bands,
and wires increase the number of plaque retention sites,
which add difficulties to the maintenance of good oral
hygiene [6, 9]. A recent review showed that the incidence of WSLs in patients who received over 12-month
fixed orthodontic treatment was 23–76% [10]. In
addition, anterior teeth and premolars develop WSLs
more frequently, which can have a negative impact on
dental aesthetics [11]. Besides aesthetic concerns, the
demineralization can reduce the hardness of enamel and
leave it vulnerable to damage, therefore proceeding into
cavitation and reducing the lifetime prognosis of the
tooth [12].
Despite the high prevalence of orthodontically induced
WSLs, the methods used for detecting WSLs varied in
previous research [13]. Many tools can be used to detect
WSLs, including traditional visual inspection, photograph and radiograph, transillumination, and fluorescence methods [14]. For example, direct visual
inspection, the simplest and most cost-effective detection method of WSLs, has been frequently adopted in
routine practice, but the specific approach and criteria
used in visual inspection are rarely consistent across different investigators and clinical settings [13, 15]. Quantitative light-induced fluorescence evaluation is much
more sensitive than direct visual inspection and can detect enamel demineralization before clinically visible [6],
but its relevance to patients may be limited.
The diversity of outcomes and outcome measures was
another issue in studies evaluating the effectiveness of
prevention or treatment of WSLs [16]. Some studies focused on the incidence or prevalence of WSLs to evaluate the treatment effects [7, 11], while others utilized the
severity or activity of lesions [17]. Outcomes that researchers used to assess the severity of WSLs include
colors [18], sizes or dimensions [19, 20], and surface
roughness [21] of lesions. In addition, investigators have
employed diverse outcome measures to assess the same
outcome [22]. For instance, more than ten scoring
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criteria for visual inspection were used to classify WSLs
[13]. In a previous systematic review, four included studies that performed a direct visual examination for WSLs
utilized four different evaluation index systems [23]. The
lack of consistency among relevant assessment criteria
compromises the comparability of outcomes from clinical trials and evidence synthesis.
Due to the aforementioned inconsistency in WSL
evaluation, researchers often fail to make effective comparisons between results from clinical trials [24]. Many
systematic reviews about WSLs found it impossible to
pool the results due to substantial heterogeneity [17,
25–29]. This prevents the improvement of health care in
this area and might pose the risk of continuing ineffective treatments to patients [24].
Extensive evidence has suggested that results from trials and systematic reviews are often irrelevant to patients
and health service users. According to Fleming et al.
[30], only 22% of outcomes used in dental trials were
both patient and clinician centered. The use of patientreported outcomes may help dental professionals better
understand patient’s treatment need and improve oral
health care [31, 32]. However, a Cochrane systematic review on fluorides for preventing WSLs during fixed
orthodontic treatment found that patient-reported outcome was not included in any of the included trials [33].
Quantitative measurement for WSLs such as optical and
fluorescent methods is accurate and useful in research,
but it might not be cost-effective and meaningful to patients. Therefore, future research needs to increase the
relevance of results to both patients and dental
professionals.
To address issues outlined above, it is essential to develop a core outcome set (COS) for trials on the prevention and treatment of orthodontically induced enamel
WSLs. Core outcome sets are agreed standardized sets
of outcomes that should be measured and reported in all
clinical trials for a specific healthcare area [34]. Hence,
outcomes in a COS will always be included and reported
as a minimum, while researchers can explore and measure other outcomes of interest as well. If an outcome is
not included in a particular trial, researchers should determine a priori and explain the reason [35].
At present, a COS for Outcomes in Trials for Management of Caries Lesions (OuTMaC), designed for all
types of dental caries, is under development [36]. Although orthodontically induced WSL is one type of dental carious lesion, it tends to affect a narrower
population and has different levels of impact on aesthetics and quality of life. In addition, due to its relatively
high prevalence in the anterior teeth, it may result in different outcomes of interest and affect the final COS.
The scope of OuTMaC is restricted to the management
of existing carious lesions and does not provide a COS
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for the prevention of dental caries. Therefore, the development of COS-OWSL will facilitate outcome reporting
and evidence synthesis in trials on the prevention or
treatment of orthodontically induced WSLs.
Tsichlaki et al. [37] recently published a COS for
orthodontic treatment which included WSLs in its “adverse effects and/or events” domain. However, with
“malocclusion” being its health condition and “orthodontic treatment” being its intervention of interest, the
orthodontic COS was essentially developed for trials
evaluating the effectiveness of orthodontic therapies, and
therefore not adequate and applicable for trials on the
prevention and treatment of orthodontically induced
WSLs. Therefore, to address the existing outcome heterogeneity and facilitate future evidence synthesis in this
area, a specifically developed COS is needed. In addition,
as the COS for orthodontic treatment has determined
what should be measured [37], the next stage for our
profession is to determine how and when each outcome
should be measured. In this aspect, the development of a
COS for WSLs can provide support to future efforts regarding how “adverse effects and/or events” should be
measured.
Objectives

This article aims to present a protocol for the development of a COS for trials on the prevention or treatment
of Orthodontically induced enamel White Spot Lesions
(COS-OWSL). In this study, we will develop a consensus
about “what” to measure for orthodontically induced
WSLs. “How” and “when” to measure will be determined
in future research. The objectives of this study are:
1. To identify all existing outcomes that have been
used in trials on the prevention or treatment of
orthodontically induced enamel WSLs by a scoping
review
2. To identify additional outcomes relevant to patients
and dental professionals by qualitative interviews
and to develop a list of candidate outcomes
3. To collect opinions from key stakeholders including
patients, dental professionals, and researchers and
to reach a preliminary agreement through online
Delphi surveys
4. To achieve a final consensus on COS-OWSL by a
consensus meeting
Scope

The scope of this COS-OWSL is:
 Health condition: orthodontically induced enamel

WSLs in primary or permanent teeth
 Target population: orthodontic patients without (for

prevention) and with orthodontically induced WSL-

Page 3 of 8

affected teeth (for treatment), without any age, sex,
or dentition restrictions
 Intervention: all interventions to prevent or treat
orthodontically induced WSLs
 Settings: clinical trials, other types of clinical
research, and dental clinical practice

Methods
The COS-WSL project was registered on the Core Outcome Measures in Effectiveness Trials initiative
(COMET) website (http://www.comet-initiative.org/
studies/details/1399) which includes ongoing and completed COS protocols and studies in various medical
fields, all of which are freely available to the public. The
present study protocol was written in accordance with
the Core Outcomes Set-STAndardised Protocol Items
(COS-STAP) [38] and the Core Outcome Measures in
Effectiveness Trials (COMET) Handbook [39].
The COS-OWSL will be developed through a fourphase process: a scoping review for existing outcomes,
qualitative interviews, a two-round Delphi survey, and a
consensus meeting. Patients will be involved in the
qualitative interviews, Delphi survey, and consensus
meeting to provide their preferences and choice of outcomes regarding orthodontically induced WSLs.
Phase 1: Scoping review

To determine what to measure and to identify the existing knowledge, we will conduct a scoping review of all
outcomes used in published clinical trials regarding the
prevention and treatment of orthodontically induced
WSLs and develop an inclusive list of the outcomes. The
methods and findings of this scoping review will be reported in accordance with the PRISMA extension for
Scoping Reviews (PRISMA-ScR) [40].
In this review, we will search three databases: MEDL
INE (via PubMed), Embase, and the Cochrane Central
Register of Controlled Trials (CENTRAL). The dates of
coverage will be restricted to the most recent 10 years to
obtain an up-to-date pool of relevant outcomes [39]. We
will use both free-text and subject headings in our
search strategy, based on the following main concepts:
“tooth demineralization” OR “white spot lesion,” “orthodontics,” and “randomized controlled trial” OR “controlled clinical trial.” In addition to electronic searches,
we will hand search references cited in those identified
eligible studies and relevant systematic reviews. A search
of grey literature will not be performed in this scoping
review, as it is considered unlikely to provide new relevant outcomes or significantly alter the final list of the
outcomes [41].
The inclusion criteria will be as follows: (1) study type,
randomized controlled trials (RCTs) and controlled clinical trials (CCTs); (2) target population, orthodontic
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patients without (for prevention) and with orthodontically induced WSL-affected teeth (for treatment) with any
dentition and in any health condition from both genders
and all age groups; (3) intervention, an intervention for
preventing or treating WSLs should be implemented
and compared with another intervention or a placebo;
and (4) outcome, a minimum of one subjective or objective outcome measure should be clearly reported. No
restrictions on settings or follow-up periods will be
adopted. The exclusion criteria will be in vitro or in situ
studies, case reports, case series, observational studies,
studies reported in languages other than English, and
publications without available full texts.
Two authors will screen the identified records independently and in duplicate, according to the abovementioned eligibility criteria. Titles and abstracts will be
screened first, and if they lack sufficient information to
make a judgment, the corresponding full texts will be
obtained and examined. From each included study, two
authors will extract verbatim the study characteristics
and outcomes used [39]. A pilot study will be conducted
to calibrate the authors and develop a template for data
extraction using 10% of all included studies (randomly
selected). Thereafter, two authors will extract data from
the rest of included studies independently and in duplicate. Any discrepancy during screening and data extraction will be settled through discussion with the other
authors.
After data extraction, outcomes with similar definitions but different terminology will be merged into a single standard outcome. The outcomes of WSL prevention
and treatment will be listed separately. Then, two authors will categorize these outcomes into outcome domains. Any discrepancy in the outcome classification
will be discussed through group consensus among all
authors. Finally, a preliminary list of outcome domains
will be developed accordingly to provide information for
the following phases.
Phase 2: Qualitative interviews

After the scoping review for all the existing outcomes
for orthodontically induced WSLs, qualitative interviews
will be performed to identify and fill the evidence gaps
and to determine outcomes relevant to patients and dental professionals. The purpose of the qualitative interviews is to understand the perspectives of patients and
dental professionals on orthodontically induced WSLs,
and to ensure that no important outcomes are overlooked [39, 42].
Purposeful sampling will be used to recruit
information-rich participants for the qualitative interviews to include as diverse ranges of opinions from patients and dental professionals as possible [43]. The
recruitment of patients and dental professionals will be
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conducted in China. We will recruit patients with different ages, genders, occupations, types of WSL-affected
teeth (primary or permanent, anterior or posterior), severity of WSLs, and experience of any intervention for
WSLs (prevention or treatment). Patients under 18 years
old will be allowed to express their opinions, and opinions from their parents or carers who are familiar with
their condition will also be collected to form combined
opinions [44]. We will also recruit dental professionals
with different ages, genders, dental specialties, and level
of experience in the prevention or treatment of WSLs.
Semi-structured interview questions will be developed
to help ask all participants similar questions and will be
piloted with a small group of patients and dental professionals. A dentist and researcher will interview the patients and dental professionals through face-to-face
interviews or phone calls one by one. The researcher will
be familiarized with the questions and receive training in
interview skills prior to interviews. Data collection from
interviews will be ended until data saturation is reached,
which is defined as no generation of new themes and
outcomes. When no new themes or outcomes emerge,
we will continue to interview two more participants to
confirm the saturation of data [45, 46].
The content of the interviews will be transcribed and
analyzed. To protect respondents’ privacy, the interview
will be anonymized, and all the raw data will be stored
in one author’s computer and kept confidential. A content analysis will be conducted to identify outcomes or
outcome domains reported by patients and dental professionals. Two authors will perform the coding procedure for the content analysis independently and in
duplicate and then categorize the responses into the predefined outcome domains, with any disagreement resolved through discussion with the other authors. Only
new outcomes or outcome domains that are suggested
by two or more participants will be included in the outcome list [47].
Two authors will combine the outcomes from the
qualitative interviews with the outcomes identified from
the scoping review and develop a list of outcomes relevant to researchers, patients, and dental professionals for
the following consensus process.
Phase 3: Delphi survey

The online Delphi survey will consist of two-round anonymous questionnaires to specify which outcomes the
key stakeholders consider most important and to reach a
preliminary consensus among them.
Purposeful sampling strategies will be adopted to recruit a diverse, international participant pool for the Delphi survey, with involvement from three stakeholder
groups: patients, dental professionals, and researchers
[48]. We will send potential participants a personalized
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email to explain the objectives of the survey and invite
them to participate. To minimize attrition, the importance of their completion of the whole 2-round Delphi
process will be emphasized, and individuals who agree
to complete both rounds of the survey will be included.
Before the survey, we will send emails to ask participants
to opt in. Then, we will provide a link to the Delphi survey and the contact information of investigators to the
participants who agree to participate by email. Participants who do not complete the questionnaire in round 1
will not be invited for round 2. In both rounds of the
survey, email reminders will be sent every 2 weeks to
participants who have not finished the survey to
maximize completion rate. Each round of the survey will
last for a month; if the response rate of round 2 is low,
we will keep the survey open for another 2 weeks and
send additional reminders to minimize potential attrition
bias [39].
Both medical terms and plain language descriptions
will be provided in the questionnaire to avoid ambiguity
[48]. The outcomes will be voted for prevention and
treatment separately and presented by outcome domains. Outcome domains and outcomes within each domain will be presented in a random order. Prior to the
official release, the full text of the questionnaire will be
piloted with several representatives from each stakeholder group to refine the language and increase readability for all stakeholders.
In round 1 of the Delphi survey, participants will be
provided with the list of outcome domains with candidate outcomes to decide which outcomes are most important. The importance of each candidate outcome will
be rated on a 1 to 9 scale recommended by the GRADE
group, in which 1 to 3 represents that an outcome is of
limited importance, 4 to 6 important but not critical,
and 7 to 9 critical [49]. At the end of the round 1 survey,
the participants will also be asked to list outcomes that
they consider relevant but not included in the questionnaire. For the existing outcomes, the participants will
also be allowed to make suggestions to improve the clarity of the wording. We will revise the relevant wording
of the terms and definitions accordingly for the subsequent round.
The responses from round 1 will be summarized by
calculating the percentage of participants scoring each
score from 1 to 9 by stakeholder groups. Suggestions for
new outcomes in the first round Delphi survey will be
reviewed by two researchers independently and in duplicate. For responses that are unclear or ambiguous, we
will ask the respondents for clarification. Only new outcomes suggested by two or more participants will be included. After removing duplicate responses and
responses that show up only once, all remaining responses will be grouped into domains. If any new
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outcomes cannot be grouped into the existing domains,
new outcome domains will be developed accordingly.
A greater number of outcomes can significantly decrease the response rates in a Delphi survey [50]. Therefore, to reduce attrition and the burden on respondents,
only outcomes that meet the following criteria will be included in the second round of the survey: more than
50% of the respondents score between 7 and 9 and less
than 15% score between 1 and 3 [51]. Additional outcomes suggested by at least 2 participants in round 1 will
also be rated in round 2. On the top of the round 2
questionnaire, the summary results of round 1 will be
fed back to each participant along with their own scoring in round 1. At the end of the round 2 questionnaire,
the participants will be asked to rank their top 10
choices in order of importance [52].
The participants will be divided into two groups—patients and experts (dental professionals and researchers)—to summarize the rating scores and to
evaluate consensus. The consensus criteria will be consistent with a previous study on COS development [51].
Consensus is divided into consensus in and consensus
out. Consensus in, which means the outcome should be
included in the COS, will be defined as at least 70% of
participants in each group scoring between 7 and 9 and
less than 15% scoring between 1 and 3 for an individual
outcome. Consensus out, which means the outcome
should be excluded from the COS, will be defined as at
least 70% of participants in each group scoring between
1 and 3 and less than 15% scoring between 7 and 9. All
other score distributions will be considered as a lack of
consensus for the inclusion in the COS. Outcomes that
remain undetermined after the 2-round Delphi survey
will be discussed in a consensus meeting for the final
COS-OWSL. In addition, we will analyze how individual
scores change through the Delphi process to show if
participants are moving towards consensus or not.
Phase 4: Consensus meeting

To achieve a final consensus on COS-OWSL, an online
international consensus meeting will be held after the
Delphi survey. A group of key stakeholders will be invited to the meeting to discuss the remaining outcomes
that have not reached a consensus in the Delphi survey,
the definition and terminology of included outcomes,
and the number of outcomes to be included in the final
COS-OWSL. Outcomes that achieve consensus and are
included in the COS-OWSL (consensus in) after the
two-round survey will also be discussed and voted to
confirm their importance.
The key stakeholders attending the consensus meeting
will include representatives of patients, dental professionals, and researchers. Attendees will be selected
broadly from those who have extensive knowledge or
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experience of orthodontically induced WSLs. From each
group of stakeholders, we will also invite all participants
who have completed both rounds of the Delphi survey
to attend the consensus meeting.
A researcher who does not engage in discussion or
voting will host the online consensus meeting. The results of the Delphi survey will be presented to all attendees at the consensus meeting. The outcomes that
have not reached consensus in the Delphi survey will be
discussed in detail. The attendees will be asked to offer
their perspectives on the importance of each outcome.
Then, they will vote for each outcome as “in” or “out”
for the inclusion in the final COS-OWSL. Voting will be
conducted anonymously using an online application. A
researcher not involved in the meeting will collect and
analyze all data. Feedback will be provided to the attendees in descriptive statistics after each round of voting. Consensus will be reached on an outcome when the
majority (>70%) vote as “in” or “out”, and no further voting of that outcome will be required. Outcomes that do
not achieve a consensus will be further discussed to explore and resolve divergence. The meeting will alternate
between voting and discussion for three rounds. If no
consensus is achieved in an outcome for three rounds of
discussion and voting, the outcome will not be further
voted and included in the final COS-OWSL. Following
the above process, we will develop the final COS-OWSL
and present the outcomes by appropriate outcome
domains.
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to ensure no important outcomes are missed. In
addition, we will involve a wide range of key stakeholders including patients, dental professionals, and researchers in the development of COS-OWSL to collect
different and representative opinions, and thereby develop a commonly accepted COS-OWSL. The final
COS-OWSL will be of adequate clinical relevance and
will be able to help improve dental clinical practice and
patient care.

Study status
The scoping review to identify and summarize the existing outcomes has been completed.
Abbreviations
CCT: Controlled clinical trial; COMET: Core Outcome Measures in
Effectiveness Trials; COS: Core outcome set; OWSL: Orthodontically induced
enamel White Spot Lesions; RCT: Randomized controlled trial; WSLs: White
spot lesions
Acknowledgements
Not applicable.
Authors’ contributions
DQ and YW contributed to the design and drafted the manuscript; CL, PN,
and HH contributed to the design and critically revised the manuscript; FH
contributed to the conception, grant application, and design and critically
revised the manuscript. All authors gave final approval and agree to be
accountable for all aspects of the work.
Funding
This work was supported by the National Natural Science Foundation of
China (No. 81901044). The funding source had no involvement in the study
design; collection, analysis, and interpretation of data; preparation of the
manuscript; or decision to publish.

Dissemination

The study results will be disseminated through peerreviewed academic journals and international conferences. To promote the uptake of the COS-OWSL, we
will engage with relevant groups/organizations such as
the Cochrane Oral Health Group and International Association for Dental Research. We will also provide all
the participants with a summary of the results.

Discussion
The COS-OWSL study will develop a COS for use in
clinical trials regarding the prevention or treatment of
orthodontically induced WSLs. The development of
COS-OWSL will facilitate and justify the selection of
outcomes and standardize the reporting of results for future research. Therefore, the COS-OWSL will help
minimize outcome heterogeneity and reporting bias and
thereby facilitate data syntheses and help reduce avoidable research waste [53, 54].
Outcomes used in clinical trials have been chosen
largely by the trialists or academics and are rarely patient
or clinician centered. To identify patient- and dentistrelevant outcomes, qualitative interviews with patients
and dental professionals will be performed in this study

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Ethical approval has been granted by the Ethics Committee of School &
Hospital of Stomatology, Wuhan University (No. 2020-B53). We will obtain
consent from the participants involved in qualitative interviews and consensus meetings. We will inform the participants that participation in the Delphi
is regarded as indicative of consent in the first part of the survey. Participation in all phases of the study will be voluntary and anonymous.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Hubei-MOST KLOS & KLOBM, School & Hospital of Stomatology, Wuhan
University, Wuhan, China. 2Department of Orthodontics, School & Hospital of
Stomatology, Wuhan University, Luoyu Rd. 237, Wuhan 430079, China.
3
School of Dentistry, University of Dundee, Dundee, UK. 4Department of
Orthodontics, West Virginia University, Morgantown, USA. 5Centre for
Evidence-Based Stomatology, School & Hospital of Stomatology, Wuhan
University, Luoyu Rd. 237, Wuhan 430079, China. 6Division of Dentistry,
School of Medical Sciences, Faculty of Biology, Medicine and Health,
University of Manchester, Manchester Academic Health Science Centre,
Manchester, UK.

Qin et al. Trials

(2021) 22:507

Received: 24 April 2021 Accepted: 12 June 2021

References
1. Frencken JE, Sharma P, Stenhouse L, Green D, Laverty D, Dietrich T. Global
epidemiology of dental caries and severe periodontitis - a comprehensive
review. J Clin Periodontol. 2017;44(Suppl 18):S94–S105. https://doi.org/1
0.1111/jcpe.12677.
2. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur MR,
et al. Oral diseases: a global public health challenge. Lancet. 2019;
394(10194):249–60. https://doi.org/10.1016/S0140-6736(19)31146-8.
3. Øgaard B, Rølla G, Arends J. Orthodontic appliances and enamel
demineralization. Am J Orthodontics Dentofacial Orthopedics. 1988;94(1):
68–73. https://doi.org/10.1016/0889-5406(88)90453-2.
4. Denis M, Atlan A, Vennat E, Tirlet G, Attal J-P. Taches blanches de l’émail :
diagnostic et anatomopathologie : deux données indispensables pour bien
les traiter (partie 1). Int Orthod. 2013;11(2):139–65.
5. Guzman-Armstrong S, Chalmers J, Warren JJ. Ask us. White spot lesions:
prevention and treatment. Am J Orthod Dentofac Orthop. 2010;138(6):690–
6. https://doi.org/10.1016/j.ajodo.2010.07.007.
6. Chapman JA, Roberts WE, Eckert GJ, Kula KS, Gonzalez-Cabezas C. Risk
factors for incidence and severity of white spot lesions during treatment
with fixed orthodontic appliances. Am J Orthod Dentofac Orthop. 2010;
138(2):188–94. https://doi.org/10.1016/j.ajodo.2008.10.019.
7. Kumar S, Tadakamadla J, Johnson NW. Effect of toothbrushing frequency on
incidence and increment of dental caries: a systematic review and metaanalysis. J Dent Res. 2016;95(11):1230–6. https://doi.org/10.1177/002203451
6655315.
8. Tufekci E, Dixon JS, Gunsolley JC, Lindauer SJ. Prevalence of white spot
lesions during orthodontic treatment with fixed appliances. Angle Orthod.
2011;81(2):206–10. https://doi.org/10.2319/051710-262.1.
9. Sudjalim TR, Woods MG, Manton DJ. Prevention of white spot lesions in
orthodontic practice: a contemporary review. Aust Dent J. 2006;51(4):284–9;
quiz 347. https://doi.org/10.1111/j.1834-7819.2006.tb00445.x.
10. Sundararaj D, Venkatachalapathy S, Tandon A, Pereira A. Critical evaluation
of incidence and prevalence of white spot lesions during fixed orthodontic
appliance treatment: a meta-analysis. J Int Soc Prev Commun Dentistry.
2015;5(6):433–9. https://doi.org/10.4103/2231-0762.167719.
11. Lovrov S, Hertrich K, Hirschfelder U. Enamel demineralization during fixed
orthodontic treatment - incidence and correlation to various oral-hygiene
parameters. J Orofac Orthop. 2007;68(5):353–63. https://doi.org/10.1007/
s00056-007-0714-1.
12. Braga MM, Mendes FM, Ekstrand KR. Detection activity assessment and
diagnosis of dental caries lesions. Dent Clin N Am. 2010;54(3):479–93.
https://doi.org/10.1016/j.cden.2010.03.006.
13. Gomez J, Tellez M, Pretty IA, Ellwood RP, Ismail AI. Non-cavitated carious
lesions detection methods: a systematic review. Community Dent Oral
Epidemiol. 2013;41(1):54–66. https://doi.org/10.1111/cdoe.12021.
14. Deveci C, Çınar Ç, Tirali RE. Management of white spot lesions. In: Akarslan
Z, editor. Dental caries - diagnosis, prevention and management:
IntechOpen; 2018. p. 133–5.
15. Julien KC, Buschang PH, Campbell PM. Prevalence of white spot lesion
formation during orthodontic treatment. Angle Orthod. 2013;83(4):641–7.
https://doi.org/10.2319/071712-584.1.
16. Hu H, Feng C, Jiang Z, Wang L, Shrestha S, Yan J, et al. Effectiveness of
remineralizing agents in the prevention and reversal of orthodontically
induced white spot lesions: a systematic review and network meta-analysis.
Clin Oral Investig. 2020;24(12):4153–67. https://doi.org/10.1007/s00784-02003610-z.
17. Chen H, Liu X, Dai J, Jiang Z, Guo T, Ding Y. Effect of remineralizing agents
on white spot lesions after orthodontic treatment: a systematic review. Am
J Orthod Dentofac Orthop. 2013;143(3):376–82 e3. https://doi.org/10.1016/j.a
jodo.2012.10.013.
18. Knosel M, Attin R, Becker K, Attin T. External bleaching effect on the color
and luminosity of inactive white-spot lesions after fixed orthodontic
appliances. Angle Orthod. 2007;77(4):646–52. https://doi.org/10.2319/0601
06-224.
19. Ferreira JM, Silva MF, Oliveira AF, Sampaio FC. Evaluation of different
methods for monitoring incipient carious lesions in smooth surfaces under
fluoride varnish therapy. Int J Paediatr Dent. 2008;18(4):300–5. https://doi.
org/10.1111/j.1365-263X.2007.00879.x.

Page 7 of 8

20. Welk A, Ratzmann A, Reich M, Krey KF, Schwahn C. Effect of self-assembling
peptide P11-4 on orthodontic treatment-induced carious lesions. Sci Rep.
2020;10(1):6819. https://doi.org/10.1038/s41598-020-63633-0.
21. Hussein KM, Al-Shamma AMW. Effect of staining and brushing on the
surface roughness of white spot lesions treated with resin infiltration
technique. Indian J Public Health Res Dev. 2019;10(10):2734–9. https://doi.
org/10.5958/0976-5506.2019.03282.0.
22. Tsichlaki A, O'Brien K. Do orthodontic research outcomes reflect patient
values? A systematic review of randomized controlled trials involving
children. Am J Orthod Dentofac Orthop. 2014;146(3):279–85. https://doi.
org/10.1016/j.ajodo.2014.05.022.
23. Sardana D, Zhang J, Ekambaram M, Yang Y, McGrath CP, Yiu CKY.
Effectiveness of professional fluorides against enamel white spot lesions
during fixed orthodontic treatment: a systematic review and meta-analysis. J
Dent. 2019;82:1–10. https://doi.org/10.1016/j.jdent.2018.12.006.
24. Lamont T, Schwendicke F, Innes N. Why we need a core outcome set for
trials of interventions for prevention and management of caries. Evid Based
Dent. 2015;16(3):66–8. https://doi.org/10.1038/sj.ebd.6401109.
25. Fernandez-Ferrer L, Vicente-Ruiz M, Garcia-Sanz V, Montiel-Company JM,
Paredes-Gallardo V, Almerich-Silla JM, et al. Enamel remineralization
therapies for treating postorthodontic white-spot lesions: a systematic
review. J Am Dent Assoc. 2018;149(9):778–86 e2. https://doi.org/10.1016/j.a
daj.2018.05.010.
26. Sonesson M, Bergstrand F, Gizani S, Twetman S. Management of postorthodontic white spot lesions: an updated systematic review. Eur J Orthod.
2017;39(2):116–21.
27. Gizani S, Kloukos D, Papadimitriou A, Roumani T, Twetman S. Is bleaching
effective in managing post-orthodontic white-spot lesions? A systematic
review. Oral Health Prev Dent. 2020;18(1):1–10.
28. Abdullah Z, John J. Minimally invasive treatment of white spot lesions--a
systematic review. Oral Health Prev Dent. 2016;14(3):197–205. https://doi.
org/10.3290/j.ohpd.a35745.
29. Hua F, Yang H, He H. Current enamel remineralization therapies have
limited effects on postorthodontic white spot lesions. J Evid Based Dent
Pract. 2018;18(4):339–42. https://doi.org/10.1016/j.jebdp.2018.10.002.
30. Fleming PS, Koletsi D, O’Brien K, Tsichlaki A, Pandis N. Are dental researchers
asking patient-important questions? A scoping review. J Dent. 2016;49:9–13.
https://doi.org/10.1016/j.jdent.2016.04.002.
31. John MT. Health outcomes reported by dental patients. J Evid Based Dent
Pract. 2018;18(4):332–5. https://doi.org/10.1016/j.jebdp.2018.09.001.
32. Mittal H, John MT, Sekulic S, Theis-Mahon N, Rener-Sitar K. Patient-reported
outcome measures for adult dental patients: a systematic review. J Evid Based
Dent Pract. 2019;19(1):53–70. https://doi.org/10.1016/j.jebdp.2018.10.005.
33. Benson PE, Parkin N, Dyer F, Millett DT, Germain P. Fluorides for preventing
early tooth decay (demineralised lesions) during fixed brace treatment.
Cochrane Database Syst Rev. 2019;2019(11):CD003809. https://doi.org/10.1
002/14651858.CD003809.pub4.
34. Clarke M. Standardising outcomes for clinical trials and systematic reviews.
Trials. 2007;8(1):39. https://doi.org/10.1186/1745-6215-8-39.
35. Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon E, et al.
Developing core outcome sets for clinical trials: issues to consider. Trials.
2012;13(1):132. https://doi.org/10.1186/1745-6215-13-132.
36. Schwendicke F, Lamont T, Innes N. Outcomes in trials for management of
caries lesions (OuTMaC): protocol. Trials. 2015;16(1):397. https://doi.org/10.11
86/s13063-015-0927-3.
37. Tsichlaki A, O'Brien K, Benson PE, Marshman Z, Johal A, Colonio-Salazar FB,
et al. Development of a core outcome set for use in routine orthodontic
clinical trials. Am J Orthod Dentofac Orthop. 2020;158(5):650–60. https://doi.
org/10.1016/j.ajodo.2020.05.010.
38. Kirkham JJ, Gorst S, Altman DG, Blazeby JM, Clarke M, Tunis S, et al. Core
Outcome Set-STAndardised Protocol Items: the COS-STAP statement. Trials.
2019;20(1):116. https://doi.org/10.1186/s13063-019-3230-x.
39. Williamson PR, Altman DG, Bagley H, Barnes KL, Blazeby JM, Brookes ST,
et al. The COMET handbook: version 1.0. Trials. 2017;18(Suppl 3):280.
40. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA
Extension for Scoping Reviews (PRISMA-ScR): checklist and explanation. Ann
Intern Med. 2018;169(7):467–73. https://doi.org/10.7326/M18-0850.
41. Levey C, Innes N, Schwendicke F, Lamont T, Gostemeyer G. Outcomes in
randomised controlled trials in prevention and management of carious
lesions: a systematic review. Trials. 2017;18(1):515. https://doi.org/10.1186/
s13063-017-2256-1.

Qin et al. Trials

(2021) 22:507

42. O'Brien BC, Harris IB, Beckman TJ, Reed DA, Cook DA. Standards for
reporting qualitative research: a synthesis of recommendations. Acad Med.
2014;89(9):1245–51. https://doi.org/10.1097/ACM.0000000000000388.
43. Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K.
Purposeful sampling for qualitative data collection and analysis in mixed
method implementation research. Admin Pol Ment Health. 2015;42(5):533–
44. https://doi.org/10.1007/s10488-013-0528-y.
44. Zajac R, Brown DA. Conducting successful memory interviews with children.
Child Adolesc Soc Work J. 2017;35(3):297–308.
45. Fusch PI, Ness LR. Are we there yet? Data saturation in qualitative research.
Qual Rep. 2015;20(9):1408–16.
46. Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al.
Saturation in qualitative research: exploring its conceptualization and
operationalization. Qual Quant. 2018;52(4):1893–907. https://doi.org/10.1007/
s11135-017-0574-8.
47. Devane D, Begley CM, Clarke M, Horey D, Oboyle C. Evaluating maternity
care: a core set of outcome measures. Birth (Berkeley, Calif). 2007;34(2):164–
72.
48. Kirkham JJ, Davis K, Altman DG, Blazeby JM, Clarke M, Tunis S, et al. Core
Outcome Set-STAndards for Development: the COS-STAD
recommendations. PLoS Med. 2017;14(11):e1002447. https://doi.org/10.1371/
journal.pmed.1002447.
49. GRADE. GRADE working group 2020 [Available from: http://www.gra
deworkinggroup.org. Accessed 7 Aug 2020.
50. Gargon E, Crew R, Burnside G, Williamson PR. Higher number of items
associated with significantly lower response rates in COS Delphi surveys. J
Clin Epidemiol. 2019;108:110–20. https://doi.org/10.1016/j.jclinepi.2018.12.01
0.
51. Lamont TJ, Clarkson JE, Ricketts DNJ, Heasman PA, Ramsay CR. Core
outcomes in periodontal trials: study protocol for core outcome set
development. Trials. 2017;18(1):436. https://doi.org/10.1186/s13063-017-21
69-z.
52. Ruperto N, Ravelli A, Murray KJ, Lovell DJ, Andersson-Gare B, Feldman BM,
et al. Preliminary core sets of measures for disease activity and damage
assessment in juvenile systemic lupus erythematosus and juvenile
dermatomyositis. Rheumatology (Oxford, England). 2003;42(12):1452–9.
53. Hua F. Increasing the value of orthodontic research through the use of
dental patient-reported outcomes. J Evid Based Dent Pract. 2019;19(2):99–
105. https://doi.org/10.1016/j.jebdp.2019.04.005.
54. Moher D, Glasziou P, Chalmers I, Nasser M, Bossuyt PMM, Korevaar DA, et al.
Increasing value and reducing waste in biomedical research: who’s
listening? Lancet. 2016;387(10027):1573–86. https://doi.org/10.1016/S01406736(15)00307-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

