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Introduction: The objective of this “2-arm parallel” trial was to compare the survival rates of mandibular lingual re-
tainers bonded with either chemically cured or light-cured adhesive after orthodontic treatment.Methods: Patients
having undergone orthodontic treatment at a private orthodontic office were randomly allocated to fixed retainers
placed with chemically cured composite or light-cured composite. Eligibility criteria included no active caries,
restorations, or fractures on the mandibular anterior teeth, and adequate oral hygiene. The main outcome was
any type of first-time lingual retainer breakage; pattern of failure (adapted adhesive remnant index scores) was
a secondary outcome. Randomization was accomplished with random permuted blocks of 20 patients with
allocation concealed in sequentially numbered, opaque, sealed envelopes. Blinding was applicable for outcome
assessment only. Patients were reviewed at 1, 3, and 6 months and then every 6 months after placement of the
retainer until completion of the study. Data were analyzed using survival analysis including Cox regression;
analysis was carried out after data imputation for subjects lost to follow-up. Results: Two hundred twenty patients
(median age, 16 years; interquartile range, 2; range, 12-47 years)were randomized in a 1:1 ratio to either chemical or
light curing. Baseline characteristics were similar between groups, the median follow-up period was 2.19 years
(range, 0.003-3.64 years), and 16 patients were lost to follow-up. At a minimum follow-up of 2 years, 47 of 110
(42.7%) and 55 of 110 (50.0%) retainers had some type of failure with chemically cured and light-cured
adhesive, respectively (log-rank test, P 5 0.35). Data were analyzed on an intention-to-treat basis, and the
hazard ratio (HR) was 1.15 (95% confidence interval [CI], 0.88-1.70; P 5 0.47). There was weak evidence that
age is a significant predictor for lingual retainer failures (HR, 0.96; 95% CI, 0.93-1.00; P 5 0.08). Adhesive
remnant index scoring was possible for only 66 of the 102 (64.7%) failures and did not differ between composites
(Fisher exact test, P 5 0.16). No serious harm was observed other than gingivitis associated with plaque
accumulation. Conclusions: The results of this study indicated no evidence that survival of mandibular lingual re-
tainers differs between chemically and light-cured adhesives. The overall failure rate was 46.4%; however, this
included any type of failure, which may have exaggerated the overall failure rate. (Am J Orthod Dentofacial
Orthop 2013;-:169-76)
Registration: This trial was not registered.
Protocol: The protocol was not published before trial commencement.
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The guarantee of long-term stability after orthodon-
tic treatment has been a fruitless quest since the
specialty began. Posttreatment changes appear to

be due to a combination of maturational changes and re-
lapse.1 Acclaimed researchhas demonstrated that changes
after orthodontics are unpredictable2,3; if stability is to
ensue, only perfect retention can guarantee this. In view
of variable compliance with removable retention
regimens, fixed retention has become paramount since
its inception in the 1970s,4 with up to one third of practi-
tioners in the United States and 97% in The Netherlands5

routinely using mandibular fixed retainers.6

Fixed retainers have proven fallible, however, with
problems stemming from distortion or residual
activity of the wire7 and the potential for periodontal con-
sequences related to plaque stagnation,8 although fixed
retainers have also shown compatibility with periodontal
health.9 A significant problem continues to relate to
bond failures, estimated at 6% to 25%, depending on
the placement technique and the observation period.9-11

Fixed retainers have evolved from preliminary designs
typically involving large-diameter stainless steel round
wires (0.030-0.032 in) bonded to the canines, to
narrower, braided, or coaxial round wires, or reduced
cross-section rectangular wires of various compositions
and resilience, bonded to all mandibular anterior
teeth.12,13 More recently, alternatives including fiber-
reinforced materials14-16 and alumina ceramic
retainers17 have been tested. A transition from the
routine use of chemically cured composites to placement
with light-cured polymerization has taken place over the
past 2 decades. Although light-curedmaterials offer lon-
ger working times and improved moisture control, no
randomized controlled trial has been published investi-
gating the importance of these theoretical advantages.

Specific objectives or hypotheses

In this study, we aimed to compare the survival of
mandibular lingual retainers placed using either chemi-
cal or photo polymerization after orthodontic treatment.

METHODS

Trial design and any changes after trial
commencement

This was a parallel-group, randomized, active-
controlled trial with a 1:1 allocation ratio.

Participants, eligibility criteria, and settings

Consecutive patients who had completed orthodon-
tic treatment with fixed appliances were recruited
at the private practice of the first author (N.P.) from April
2009 to November 2010. The following selection criteria
August 2013 � Vol - � Issue - American
were applied: no active caries, restorations, fractures on
the mandibular anterior teeth, or periodontal disease;
and adequate oral hygiene. Subjects were excluded if
they were unwilling to be assigned to any of the ap-
proaches or had any abnormal oral or medical condition
contraindicating fixed retention. Consent was obtained
from the patients (and the parents if the patients were
adolescents) before their recruitment. [No changes to
methods after trial commencement occurred.]

Interventions

After their orthodontic treatment, the patients were
seen by their general dentist for supragingival debride-
ment, and the appointment for the lingual retainer was
confirmed. All patients received a soft bonded lingual re-
tainer of 0.022-in (Tru-Chrome multi-stranded wire;
Rocky Mountain Orthodontics, Denver, Colo) that was
fabricated intraorally. A cheek retractor was placed; the
lingual surfaces of the 6 mandibular anterior teeth from
canine to canine were pumiced, rinsed, dried, and acid-
etched with 37% phosphoric acid. The etched surfaces
were subsequently rinsed and carefully dried, a cotton
roll was placed in the vestibule, and3 pieces ofwaxed den-
tal floss were passed through the interproximal surfaces
between the canines and the lateral incisors, and between
the central incisors, forming loops to stabilize the retainer
wire. The wire was passed through the loops; gentle labial
traction was applied to the dental floss to secure the wire
passively in place. Every effort was made to position the
wire passively across the lingual surfaces of the teeth.
The enamel surfaceswere checked formoisture and redried
as required, and small amounts of liquid and paste
adhesives were placed on each tooth covering the wire.

In the chemical polymerization group,MaximumCure
2-part liquid adhesive (Reliance Orthodontic Products,
Itasca, Ill) was mixed and applied on the wire and the
teeth, and Excel 2-part paste (Reliance Orthodontic Prod-
ucts) was mixed, loaded on a syringe dispenser, and ap-
plied. The dental floss was removed after 7 minutes. In
the photo polymerization group, a light-cured liquid (As-
sure; Reliance Orthodontic Products) and paste in 2 layers
(Flow-Tain; Reliance Orthodontic Products) were placed
on the wire and adjacent enamel and were light cured
for 9 seconds per tooth with a plasma light (Ortholite;
3M Unitek, Monrovia, Calif). After placement of the
bonded wire, all patients were instructed tomaintainme-
ticulous dental hygiene and to visit their dentist every
6 months for monitoring of the periodontal conditions.

Outcomes (primary and secondary) and any
changes after trial commencement

The main outcome was any first-time failure of the
lingual retainer. The secondary outcome was the pattern
Journal of Orthodontics and Dentofacial Orthopedics
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of failure based on the adhesive remnant index (0, no re-
tained resin on tooth surface; 1,\50% retained resin on
tooth surface; 2,.50% retained resin on tooth surface;
and 3, all resin retained on tooth surface).18

The patients were advised to visit the orthodontist
initially at 1, 3, and 6 months after retainer place-
ment, followed by scheduled appointments at 12,
18, and 24 months after the initial placement of the
bonded retainer to evaluate its integrity. In case of
breakage, the patients were instructed to call and visit
the office immediately. The subsequent appointment
to review the retainer was scheduled in advance to en-
sure regular follow-up; reminders were sent in case of
appointment failures. When scheduled appointments
were unfeasible, particularly approaching the end of
the trial, an assessment of retainer integrity was
made over the telephone. During the telephone inter-
view, the patient was asked to the best of his or her
knowledge whether the lingual retainer was intact
and bonded on all teeth, loose on any tooth, or
completely lost. When breakages were reported, it
was not possible to assess the adhesive remnant index
score. There were no outcome changes after trial
commencement.

Sample size calculation

Calculation of sample size was based on the ability to
detect a clinically relevant difference in the risk of
first-time failure (primary outcome) of 20% between the
2 trial arms (15% vs 35% with a 5 0.05 and power of
85%). Foek et al19 found a 35% failure rate for
light-cured lingual retainers; we used this value as our ref-
erence for the sample calculation.This calculation indicated
that 93 participants were required in each arm; this was
rounded up to 110 to account for losses to follow-up.

Interim analyses and stopping guidelines

Not applicable.

Randomization (random number generation,
allocation concealment, implementation)

Randomization was accomplished using the
“-ralloc-”20 command in Stata software (StataCorp,
College Station, Tex) in random permuted blocks of
20 patients, ensuring equal distribution in the 2
groups. Allocation concealment was achieved with
sequentially numbered, opaque, sealed envelopes con-
taining the treatment allocation cards, which were pre-
pared before the trial. Baseline information was
written on the outside before opening the envelope.
The practice manager was responsible for opening
American Journal of Orthodontics and Dentofacial Orthoped
the next envelope in sequence and implementing the
randomization process.

Blinding

Blinding of either patient or operator was not possi-
ble; however, assessment was blind because it was not
possible to distinguish between the treatment groups.
Statistical analysis (primary and secondary
outcomes, subgroup analyses)

Comparisons of the survival of lingual retainers
bonded with the 2 techniques were carried out with
statistical methods for survival analysis. The log-rank
test was used and Kaplan-Meier plots were produced.
Hazard ratios (HR) and associated 95% confidence
intervals (CI) were calculated using Cox regression mod-
eling. The Nelson-Aalen plot was used to assess the pro-
portional hazards assumption. Missing outcome data
were imputed using the variables intervention type,
sex, and age. Imputation was performed under the Miss-
ing At Random (MAR) assumption, ie, assuming that
given intervention type, sex, and age, the distribution
of outcome was the same whether or not we were able
to observe it. Imputations were implemented using the
“-mi-” family of commands adapted for Cox regression.
Adhesive remnant index scoring between composites
was compared using Fisher exact test. All analyses
were conducted with Stata software (version 12.01;
StataCorp).
RESULTS

Participant flow (include flow diagram, early
stopping and time periods)

Two hundred twenty patients (median age, 16 years;
interquartile range, 2 years; range, 12-47 years) were
randomized in a 1:1 ratio to either chemical or light
curing; 16 patients were lost to follow-up (Fig 1). Patient
recruitment commenced in April 2009 and ended in No-
vember 2010.
Baseline data (include baseline table)

At baseline, information regarding age, sex, Angle
classification, and gingival index was collected,21 and
a subjective 3-level score of cooperation (poor, average,
or good) was assigned to each patient based on the prac-
titioner's impressions during the orthodontic therapy.

Baseline characteristics were similar in both groups
(Table I) with a median follow-up period of 2.19 years
(range, 0.003-3.64 years; Table II).
ics August 2013 � Vol - � Issue -
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Standard methods of analysis assume that the data are “independent.” For controlled trials, this usually means that there is one observation per participant. Treating multiple observations from one participant as independent data is a serious error; such data are produced when outcomes can be measured on different parts of the body, as in dentistry. Data analysis should be based on count­ing each participant once or should be done by using more complex statistical procedures.

Because of the high risk for spurious findings, subgroup analyses are often discouraged. Post hoc subgroup comparisons (analyses done after looking at the data) are especially likely not to be confirmed by further studies. Such analyses do not have great credibility.
In some studies, imbalances in participant characteristics are adjusted for by using some form of multiple regression analysis. Although the need for adjustment is much less in RCTs than in epidemiological studies, an adjusted analy­sis may be sensible, especially if one or more variables is thought to be prognostic. Ideally, adjusted analyses should be specified in the study protocol (see CONSORT item 24).
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Highlight
Elements of the sam­ple size calculation are (1) the estimated outcomes in each group (which implies the clinically important target differ­ence between the intervention groups); (2) the α (type I) error level; (3) the statistical power (or the β (type II) error level); and (4), for continuous outcomes, the standard deviation of the measurements. Interplay of these elements and their reporting will differ for cluster trials and non-inferior­ity and equivalence trials.39
Authors should indicate how the sample size was determined. If a formal power calculation was used, the authors should identify the primary outcome on which the calculation was based (see CONSORT item 6a), all the quantities used in the calculation, and the resulting target sample size per study group. It is preferable to quote the expected result in the control group and the difference between the groups one would not like to overlook. Alternatively, authors could present the percentage with the event or mean for each group used in their calculations. Details should be given of any allowance made for attrition or non-compliance during the study.
Some methodologists have written that so called underpowered trials may be acceptable because they could ultimately be combined in a systematic review and meta-analysis,and because some information is better than no information. Of note, important caveats apply—such as the trial should be unbiased, reported properly, and published irrespective of the results, thereby becoming available for meta-analysis. On the other hand, many medical researchers worry that underpowered trials with indeterminate results will remain unpublished and insist that all trials should individually have “sufficient power.” This debate will continue, and members of the CONSORT Group have varying views. Critically however, the debate and those views are immaterial to reporting a trial. Whatever the power of a trial, authors need to properly report their intended size with all their methods and assumptions transparently reveals the power of the trial to readers and gives them a measure by which to assess whether the trial attained its planned size.
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Many trials recruit participants over a long period. If an intervention is working particularly well or badly, the study may need to be ended early for ethical reasons. This concern can be addressed by examining results as the data accumulate, preferably by an independent data monitoring committee.
However, performing multiple statistical exami­nations of accumulating data without appropriate correction can lead to erroneous results and interpretations. If the accumulating data from a trial are examined at five interim analyses that use a P value of 0.05, the overall false positive rate is nearer to 19% than to the nominal 5%
Authors should report whether they or a data monitoring committee took multiple “looks” at the data and, if so, how many there were, what triggered them, the statistical meth­ods used (including any formal stopping rule), and whether they were planned before the start of the trial, before the data monitoring committee saw any interim data by alloca­tion, or some time thereafter. 
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Many methods of sequence generation are adequate. However, readers cannot judge adequacy from such terms as “random allocation,” “randomisation,” or “random” with­out further elaboration. Authors should specify the method of sequence generation, such as a random-number table or a computerised random number generator. The sequence may be generated by the process of minimisation, a non-random but generally acceptable method.
In some trials, participants are intentionally allocated in unequal numbers to each intervention: for example, to gain more experience with a new procedure or to limit costs of the trial. In such cases, authors should report the randomi­sation ratio (for example, 2:1 or two treatment participants per each control participant) (see item 3a).

Please see items 8-10 in the CONSORT explanation and elaboration document for more details

nikos
Highlight
Please indicate patient flow and any protocol deviations and/or losses at the appropriate stage.

Knowing when a study took place and over what period participants were recruited places the study in historical context.
Knowing the rate at which participants were recruited may also be useful, especially to other investi­gators.
The length of follow-up is not always a fixed period after randomisation. In many RCTs in which the outcome is time to an event, follow-up of all participants is ended on a specific date. This date should be given, and it is also useful to report the minimum, maximum, and median duration of follow-up.
Readers will likely draw weaker inferences from a trial that was truncated in a data-driven manner versus one that reports its findings after reaching a goal independent of results. Thus, RCTs should indicate why the trial came to an end (see box 5 CONSORT document). The report should also disclose factors extrinsic to the trial that affected the decision to stop the trial, and who made the decision to stop the trial, including reporting the role the funding agency played in the delib­erations and in the decision to stop the trial.
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The randomised trials aim to compare groups of participants that differ only with respect to the intervention (treatment). Although proper random assignment prevents selection bias, it does not guarantee that the groups are equivalent at baseline. Any differences in baseline characteristics are, however, the result of chance rather than bias. The study groups should be compared at baseline for important demographic and clinical characteristics so that readers can assess how similar they were. Baseline data are espe­cially valuable for outcomes that can also be measured at the start of the trial (such as blood pressure).
Baseline information is most efficiently presented in a table (see table 1  of this article). For continuous variables, such as weight or blood pressure, the variability of the data should be reported, along with average values. Continuous vari­ables can be summarised for each group by the mean and standard deviation. When continuous data have an asymmetrical distribution, a preferable approach may be to quote the median and a centile range (such as the 25th and 75th centiles).Standard errors and confidence inter­vals are not appropriate for describing variability—they are inferential rather than descriptive statistics. Variables with a small number of ordered categories  should not be treated as continuous variables; instead, numbers and proportions should be reported for each category.
Unfortunately significance tests of baseline differences are still common; they were reported in half of 50 RCTs trials published in leading general journals in 1997.  Such significance tests assess the probability that observed base­line differences could have occurred by chance; however, we already know that any differences are caused by chance. Tests of baseline differences are not necessarily wrong, just illogical. Such hypothesis testing is superfluous and can mislead investigators and their readers. Rather, comparisons at baseline should be based on consideration of the prog­nostic strength of the variables measured and the size of any chance imbalances that have occurred.
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Fig 1. CONSORT flow chart showing patient flow during the trial.
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Numbers analyzed for each outcome, estimation
and precision, subgroup analyses

Two years after entry of the final patient, 47 of 110
(42.7%) and 55 of 110 (50.0%) retainers bonded with
chemically cured and light-cured adhesive, respectively,
had failed (risk difference, 7.3%; 95% CI, �5.9% to
20.5%). The primary analysis was carried out on an in-
tention-to–treat basis involving all patients randomized
after imputation of missing data.
August 2013 � Vol - � Issue - American
The proportional hazards assumption was satisfied; the
Kaplan-Meier survival plots with patients at risk as a func-
tion of time for chemically and light-cured lingual retainers
are shown in Figure 2. No statistical difference in failures
was observed between treatment groups (log-rank test,
P 5 0.35). The HR with the imputed data was 1.15 (95%
CI, 0.88-1.70;P5 0.47). Therewasweak evidence indicat-
ing that age might be a significant predictor of lingual re-
tainer failure (HR, 0.96; 95% CI, 0.93-1.00; P 5 0.08;
Journal of Orthodontics and Dentofacial Orthopedics
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The number of participants in each group is an essential element of the analyses. Although the flow dia­gram (see figure 1 in this article) may indicate the numbers of participants analysed, these numbers often vary for different outcome measures. The number of participants per group should be given for all analyses. For binary outcomes, (such as risk ratio and risk difference) the denominators or event rates should also be reported. Expressing results as fractions also aids the reader in assessing whether some of the randomly assigned participants were excluded from the analysis. It follows that results should not be presented solely as summary measures, such as relative risks.
Participants may sometimes not receive the full interven­tion, or some ineligible patients may have been randomly allocated in error. One widely recommended way to handle such issues is to analyse all participants according to their original group assignment, regardless of what subsequently occurred (see box 6-CONSORT paper). This “intention-to-treat” strategy is not always straightforward to implement. It is common for some patients not to complete a study—they may drop out or be withdrawn from active treatment—and thus are not assessed at the end. If the outcome is mortality, such patients may be included in the analysis based on register information, whereas imputation techniques may need to be used if other outcome data are missing. The term “intention-to-treat analy­sis” is often inappropriately used—for example, when those who did not receive the first dose of a trial drug are excluded from the analyses.
Conversely, analysis can be restricted to only participants who fulfil the protocol in terms of eligibility, interventions, and outcome assessment. This analysis is known as an “on-treat­ment” or “per protocol” analysis. Excluding participants from the analysis can lead to erroneous conclusions. For example, in a trial that compared medical with surgical therapy for carotid stenosis, analysis limited to participants who were available for follow-up showed that surgery reduced the risk for transient ischaemic attack, stroke, and death. However, intention-to-treat analysis based on all participants as origi­nally assigned did not show a superior effect of surgery.
Intention-to-treat analysis is generally favoured because it avoids bias associated with non-random loss of par­ticipants. Regardless of whether authors use the term “intention-to-treat,” they should make clear which and how many participants are included in each analysis (see item 13). Non-compliance with assigned therapy may mean that the intention-to-treat analysis underestimates the potential benefit of the treatment, and additional analyses, such as a per protocol analysis, may therefore be considered. It should be noted, however, that such analyses are often con­siderably flawed.

In this article 16 patients were lost to follow-up. An intention to treat analysis was followed after imputing missing data.
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For each outcome, study results should be reported as a summary of the outcome in each group (for example, the number of participants with or without the event and the denominators, or the mean and standard deviation of measurements), together with the contrast between the groups, known as the effect size. 
For binary outcomes, the effect size could be the risk ratio (relative risk), odds ratio, or risk difference; for survival time data, it could be the hazard ratio or difference in median survival time; and for continuous data, it is usually the difference in means. Confidence intervals should be presented for the con­trast between groups. A common error is the presentation of separate confidence intervals for the outcome in each group rather than for the treatment effect. Trial results are often more clearly displayed in a table rather than in the text, as shown in tables 2-4.
P values may be provided in addition to confidence intervals, results should not be reported solely as P values. 
Results should be reported for all planned primary and secondary end points, not just for analyses that were statistically significant or “interest­ing.” Selective reporting within a study is a widespread and serious problem.
In trials in which interim analyses were performed, interpretation should focus on the final results at the close of the trial, not the interim results.
When the primary outcome is binary, both the relative effect (risk ratio (relative risk) or odds ratio) and the absolute effect (risk difference) should be reported (with confidence intervals), as neither the relative measure nor the absolute measure alone gives a complete picture of the effect and its implications. Different audiences may prefer either relative or absolute risk, but both doctors and lay people tend to overestimate the effect when it is presented in terms of relative risk. The size of the risk difference is less gen­eralisable to other populations than the relative risk since it depends on the baseline risk in the unexposed group, which tends to vary across populations. For diseases where the out­come is common, a relative risk near unity might indicate clinically important differences in public health terms. In contrast, a large relative risk when the outcome is rare may not be so important for public health (although it may be important to an individual in a high risk category).
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Multiple analyses of the same data create a risk for false positive findings.246 Authors should resist the temptation to perform many subgroup analyses. Analyses that were prespecified in the trial protocol (see CONSORT item 24) are much more reliable than those suggested by the data, and therefore authors should report which analyses were prespecified. If subgroup analyses were undertaken, authors should report which subgroups were examined, why, if they were prespecified, and how many were prespecified. Selec­tive reporting of subgroup analyses could lead to bias. When evaluating a subgroup the question is not whether the subgroup shows a statistically significant result but whether the subgroup treatment effects are significantly different from each other. To determine this, a test of interaction is helpful, although the power for such tests is typically low. If formal evaluations of interaction are undertaken (see item CONSORT item 12b) they should be reported as the estimated difference in the intervention effect in each subgroup (with a confidence interval), not just as P values.

Similar recommendations apply to analyses in which adjustment was made for baseline variables. If done, both unadjusted and adjusted analyses should be reported. Authors should indicate whether adjusted analyses, includ­ing the choice of variables to adjust for, were planned. Ide­ally, the trial protocol should state whether adjustment is made for nominated baseline variables by using analysis of covariance. Adjustment for variables because they dif­fer significantly at baseline is likely to bias the estimated treatment effect.




Table I. Baseline characteristics of patients in each treatment group

Total n 5 220
Median or % IQR

Excel n 5110
Median or % IQR

Flow-Tain n 5 110
Median or % IQR

Demographic characteristics
Age (y) 16.0 15-17 16.0 15-17 15.0 15-17
Sex

Female 72.7 71.8 73.6
Male 27.3 28.2 26.4

Clinical characteristics
Gingival index 1.5 1-2 1.3 1-2 1.5 1-2
Cooperation

Bad 26.4 27.3 25.5
Average 55.9 59 52.7
Excellent 17.7 13.7 21.8

Angle Class
I 59.2 56.4 62
II 39 40.9 37
III 1.8 2.7 1

IQR, Interquartile range; Excel, chemically cured adhesive; Flow-Tain, light-cured adhesive.

Table II. Number of failures (%), total follow-up periods in person-years per treatment group, median follow-up
periods, and ranges

Risk factor Total number (%) No. of failures observed (%) Follow-up period in person years Median (y) Range (y)
Adhesive
Excel 110 (50) 47 (42.7) 206.30 2.22 0.003-3.64
Flow-Tain 110 (50) 55 (50.0) 201.68 2.16 0.005-3.58

Excel, Chemically cured adhesive; Flow-Tain, light-cured adhesive.
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Table III). Imputed analysis gave similar HRs with both
analyses (Table III); the data with no imputations assumed
that all missing observations were censored. Adhesive
remnant index scoring was possible for only 66 of the
102 (64.7%) failures and did not differ between
composites (Fisher exact test, P 5 0.16); most confirmed
failures occurred at the enamel-adhesive level (Table IV).

Harms

No serious harm was observed other than gingivitis
associated with plaque accumulation.

DISCUSSION

Main findings in the context of the existing
evidence, interpretation

This trial attempted to compare the survival of
mandibular lingual retainers bonded with either
chemically cured or light-cured adhesive in patients after
orthodontic treatment by randomizing 220 patients
equally between the 2 adhesive groups. Although no
significant difference in retainer failure rates was noted,
the numbers of recorded failures were considerable,
ranging from 43% to 50% over a 2-year period after
American Journal of Orthodontics and Dentofacial Orthoped
debonding. This preponderance of failures is compatible
with a recent prospective study investigating failure
rates of fixed retainers, with 38% reported over
a 6-month period.22 However, lower failure rates
have also been demonstrated in other prospective
studies.23-25 A recent long-term retrospective study
with a large group of patients (n 5 221) showed that
24% had at least 1 failure over a 2-year retention period,
whereas 14% had at least 1 failure during the next
3 years.26 The retrospective nature of this study,
however, might have underestimated the failures.
Nevertheless, it appears that fixed retainers are not
a panacea; further work is required to make the process
more predictable.

The absence of a significant difference in bond
failure rates between chemical and light-cured materials
ensures that extraneous factors should be considered
when deciding which material to use. Certainly,
light-cured materials have the advantage of controlled
working and setting times; it would be intuitive to
expect this to lead to a reduction in breakages because
of the enhanced control and the reduced risk of moisture
contamination, but this was not confirmed in our
investigation. Although the setting time of the
ics August 2013 � Vol - � Issue -
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Readers need information about the harms as well as the benefits of interventions to make rational and bal­anced decisions. The existence and nature of adverse effects can have a major impact on whether a particular interven­tion will be deemed acceptable and useful. Not all reported adverse events observed during a trial are necessarily a 
con­sequence of the intervention; some may be a consequence of the condition being treated. Randomised trials offer the best approach for providing safety data as well as efficacy data, although they cannot detect rare harms.

An extension of the CONSORT statement has been devel­oped to provide detailed recommendations on the report­ing of harms in randomised trials.
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Highlight
-Summarize results and interpret in the context of the existing evidence using a systematic approach and not just by including evidence supporting the study results
-Focus on clinical significance and precision of estimates and not on p-values and statistical significance
-Balance benefits and harms
-Focus on the overall evidence and do not over interpret results from subgroup analyses, especially when they are not pre-specified.
- Subgroup analyses have low power but may also give false positive results.
-Beware of multiple testing as it may result in false positive results. The alpha level of 5% of statistical test is telling us that 1 out of every 20 tests is expected to be a false positive and therefore the larger the number of tests the higher the probability of a false positive.
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Fig 2. Kaplan-Meier survival plots by type of adhesive.

Table III. Hazard ratios from Cox regression for type of adhesive adjusted for age using imputed data for unobserved
failures from losses to follow-up and censoring for unobserved failures

Risk factor Hazard ratio imputed (95% CI) P value* Hazard ratio observed (95% CI) P value*
Adhesive
Excel Referent Referent
Flow-Tain 1.15 (0.88-1.70) 0.47 1.16 (0.78-1.72) 0.44
Age (per year) 0.96 (0.93-1.00) 0.08 0.97 (0.93-1.01) 0.09

Excel, Chemically cured adhesive; Flow-Tain, light-cured adhesive.
*Wald test.

Table IV. Adhesive remnant index (ARI) scores for the
66 failures

ARI score

Adhesive
P value (Fisher
exact test)Excel n (%) Flow-Tain n (%)

0 27 (64.3) 18 (75.0)
1 15 (35.7) 5 (20.8)
2 0 (0.0) 1 (4.2)
Overall 42 (100.0) 24 (100.0) 0.16

Excel, Chemically cured adhesive; Flow-Tain, light-cured adhesive.
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chemically cured material is longer, there is no require-
ment to wait for a complete set as is the case before en-
gaging a wire after bonding the brackets. Therefore,
from an office-management perspective, the longer set-
ting time of the chemical-cure material is less important
for bonded retainers than for bonding fixed appliances.
In these instances, the cure might even be more efficient,
considering the relatively long photo-irradiation times.
August 2013 � Vol - � Issue - American
It was possible to ascertain the mode of failure of the
bonded retainer in only 65% of the failures; however,
a predilection for failure at the enamel-adhesive
junction was noted. Failure at this boundary could
indicate problems relating to moisture control and
contamination of enamel during the bonding
procedures. This pattern of failure is, however, common
to most retainer bonding regimens.27,28 No significant
difference in failure mode was found between the
bonding regimens. In this study, only first-time failures
were included. This approach circumvented statistical
issues pertaining to clustering of failures within subjects.
However, no differentiation was made between
catastrophic and relatively minor failures, with all
breakages and detachments considered to be overall
failures. This universal approach was chosen because
even minor failures or small breakages can promote
plaque accumulation or discoloration, therefore needing
repair. Hence, we considered all types of material deterio-
ration as failures. This is a major difference between this
Journal of Orthodontics and Dentofacial Orthopedics
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study and previous ones, in which only complete detach-
ments were regarded as failures. Consequently, it is possi-
ble that the effects of trivial breakagesmight be overstated
in our study. The incisor irregularity developing in both
groups as a consequence of retainer breakages was not
considered in this study. However, it is inevitable that
breakages will result in a degree of irregularity at some
point, during either the short term or the long term, irre-
spective of the mode or magnitude of the failure.26

Our relatively high failure rate is difficult to explain. It
might be related to the prospective design and the rela-
tively lengthy follow-up. Similarly, any breakage was re-
corded as such; therefore, even minor fractures of little
consequence, which might have been overlooked in
other retrospective studies, were recorded as failures in
this study. Of the 66 failures clinically confirmed, 28 in-
volved 1 tooth; minor breakages of this nature are likely
to be undetected in other study designs. In relation to
the bonding technique, plasma curing lights were used
in this study; a recent systematic review concluded
that there is no statistical difference in bond failure
risk with plasma, light-emitting diode, or halogen
lights.29 Consequently, this is unlikely to have been in-
fluential. It could be speculated that residual stress
might be associated with single-tooth failures, since
wire fabrication was performed intraorally and might
have precluded placement of a wire in an entirely passive
configuration. Previous research has indicated that re-
tainer failures are related to operator experience; it is
therefore reasonable to assume higher failure rates for
less experienced operators.30 Nevertheless, we believed
that the selection criteria were strict, yet our subjects
represented typical orthodontic patients in a specialist's
practice setting.

The advantages of this study include the randomized
treatment allocation accounting for balanced baseline
characteristics between treatment groups and thus
a low risk of selection bias.
Limitations

Although blinding of the operator was not feasible at
the intervention stage, outcome assessment was blind;
therefore, the risks of observation and detection biases
can be considered low. Additionally, the prospective
nature of the study allowed for better examination of
the frequency and patterns of failure compared with
retrospective studies for which data are likely to be less
accurate because the data are often collected from
patient files. Our study's limitation might be that it
was not possible to examine all patients to inspect the
failures, particularly near the end of the study. This issue
is particularly problematic in studies of retention
American Journal of Orthodontics and Dentofacial Orthoped
procedures because patients consider active treatment
completed and are often reluctant to return for appoint-
ments. This shortcoming risks causing information bias
because minor failures might have been undetected by
patients who were interviewed over the telephone. This
inability of patients to correctly determine failures might
underestimate the risk of minor failures of bonded
lingual retainers. Only 16 patients were lost to follow-
up, and potential attrition biases were counteracted by
analyzing data on an intention-to-treat basis, which
incorporated missing data imputations. The losses to
follow-up highlight a problem associated with random-
ized controlled trials and, in general, prospective studies
with long follow-up periods, and should be seriously
considered at the design stage of the trial.
Generalizability

The generalizability of these results might be limited
because this research was undertaken in a single center
by 1 clinician (N.P.) experienced in both chemically cured
and light-cured bonding.
CONCLUSIONS

Based on this randomized trial, there is no evidence
that the use of either chemical or light-cured composite
is associated with a difference in failure rate or failure
mode of bonded lingual retainers.
REFERENCES

1. BlakeM, Bibby K. Retention and stability: a review of the literature.
Am J Orthod Dentofacial Orthop 1998;114:299-306.

2. Little RM. Clinical implications of the University of Washington
post-retention studies. J Clin Orthod 2009;43:645-51.

3. Sinclair PM, Little RM. Maturation of untreated normal occlusions.
Am J Orthod 1983;83:114-23.

4. Knelrim RW. Invisible lower cuspid to cuspid retainer.
Angle Orthod 1973;43:218-9.

5. Renkema AM, Sips ATH, Bronkhorst E, Kuijpers-Jagtman AM. A
survey on orthodontic retention procedures in the Netherlands.
Eur J Orthod 2009;31:432-7.

6. Keim RG, Gottlieb EL, Nelson AH, Vogels DS. JCO study of
orthodontic diagnosis and treatment procedures. Part 1: results
and trends. J Clin Orthod 2002;36:553-68.

7. Renkema AM, Fudalej PS, Renkema A, Bronkhorst E, Katsaros C.
Gingival recessions and the change of inclination of mandibular in-
cisors during orthodontic treatment. Eur J Orthod 2013;35:249-55.

8. Pandis N, Vlahopoulos K, Madianos P, Eliades T. Long-term
periodontal status of patients with mandibular lingual fixed
retention. Eur J Orthod 2007;29:471-6.

9. Booth FA, Edelman JM, Proffit WR. Twenty-year follow-up of
patients with permanently bonded mandibular canine-to-canine
retainers. Am J Orthod Dentofacial Orthop 2008;133:70-6.

10. �Artun J, Spadafora AT, Shapiro PA. A 3-year follow-up study
of various types of orthodontic canine-to-canine retainers.
Eur J Orthod 1997;19:501-9.
ics August 2013 � Vol - � Issue -

http://refhub.elsevier.com/S0889-5406(13)00415-0/sref1
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref1
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref2
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref2
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref3
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref3
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref4
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref4
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref5
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref5
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref5
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref6
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref6
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref6
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref7
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref7
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref7
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref8
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref8
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref8
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref9
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref9
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref9
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref10
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref10
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref10
norwitza
Sticky Note
MigrationPending set by norwitza

norwitza
Sticky Note
MigrationPending set by norwitza

norwitza
Sticky Note
MigrationPending set by norwitza

norwitza
Sticky Note
MigrationPending set by norwitza

nikos
Highlight
Please discuss:
- potential sources of biases
-imprecision of estimates
-multiplicity and subgroup analyses

nikos
Highlight
Please see CONSORT document for detailed explanation.



176 Pandis et al
11. Dahl EH, Zachrisson BU. Long-term experience with direct-
bonded lingual retainers. J Clin Orthod 1991;25:619-32.

12. Zachrisson BU. Clinical experience with direct-bonded orthodontic
retainers. Am J Orthod 1977;71:440-8.

13. Zachrisson BU. The bonded lingual retainer and multiple spacing
of anterior teeth. J Clin Orthod 1983;17:838-44.

14. Diamond M. Resin fiberglass bonded retainer. J Clin Orthod 1987;
21:182-3.

15. Orchin JD. Permanent lingual bonded retainer. J Clin Orthod 1990;
24:229-31.

16. Geserick M, Ball J, Wichelhaus A. Bonding fiber-reinforced lingual
retainers with color-reactivating flowable composite. J Clin Orthod
2004;38:560-2.

17. Amundsen OC, Wisth PJ. Clinical pearl: LingLock—the flossable
fixed retainer. J Orthod 2005;32:241-3.

18. Kinch AP, Taylor H, Warltier R, Oliver RG, Newcombe RG. A clinical
study of amount of adhesive remaining on enamel after
debonding, comparing etch times of 15 and 60 seconds.
Am J Orthod Dentofacial Orthop 1989;95:415-21.

19. Foek DL, Ozcan M, Krebs E, Sandham A. Adhesive properties of
bonded orthodontic retainers to enamel: stainless steel wire vs
fiber-reinforced composites. J Adhes Dent 2009;11:381-90.

20. Ryan P. Random allocation of treatment blocks. Stata Technical
Bulletin, STB-41. p. 43-66. Reprinted in Stata Technical Bulletin
Reprints 1998;7:297-300.

21. L€oe H. The gingival index, the plaque index and the retention index
systems. J Periodontol 1967;38(Supp):610-6.
August 2013 � Vol - � Issue - American
22. Taner T, Aksu M. A prospective clinical evaluation of mandibular
lingual retainer survival. Eur J Orthod 2012;34:470-4.

23. Bazargani F, Jacobson S, Lennartsson B. A comparative evaluation
of lingual retainer failure bonded with or without liquid resin.
Angle Orthod 2012;82:84-7.

24. Bolla E, Cozzani M, Doldo T, Fontana M. Failure evaluation after
a 6-year retention period: a comparison between glass
fiber-reinforced (GFR) and multistranded bonded retainers.
Int Orthod 2012;10:16-28.

25. Tang ATH, Forsberg CM, Andlin-Sobocki A, Ekstrand J, H€agg U.
Lingual retainers bonded without liquid resin: a 5-year follow-up
study. Am J Orthod Dentofacial Orthop 2013;143:101-4.

26. Renkema AM, Renkema A, Bronkhorst E, Katsaros C. Long-term
effectiveness of canine-to-canine bonded flexible spiral wire lin-
gual retainers. Am J Orthod Dentofacial Orthop 2011;139:614-21.

27. Fleming PS, Johal A, Pandis N. Self-etch primers and conventional
acid-etch technique for orthodontic bonding: a systematic review
andmeta-analysis. Am JOrthodDentofacial Orthop 2012;142:83-94.

28. Ardeshna AP. Clinical evaluation of fiber-reinforced-plastic
bonded orthodontic retainers. Am J Orthod Dentofacial Orthop
2011;139:761-7.

29. Fleming PS, Eliades T, Katsaros C, Pandis N. Curing lights for
orthodontic bonding: a systematic review and meta-analysis.
Am J Orthod Dentofacial Orthod 2013;143(Supp):S92-103.

30. Scheibe K, Ruf S. Lower bonded retainers: survival and failure rates
particularly considering operator experience. J Orofac Orthop
2010;71:300-7.
Journal of Orthodontics and Dentofacial Orthopedics

http://refhub.elsevier.com/S0889-5406(13)00415-0/sref11
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref11
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref12
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref12
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref13
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref13
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref14
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref14
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref15
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref15
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref16
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref16
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref16
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref17
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref17
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref19
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref19
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref19
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref19
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref20
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref20
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref20
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref18
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref18
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref18
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref21
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref21
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref22
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref22
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref22
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref23
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref23
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref23
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref23
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref24
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref24
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref24
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref24
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref25
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref25
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref25
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref26
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref26
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref26
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref27
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref27
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref27
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref28
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref28
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref28
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref29
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref29
http://refhub.elsevier.com/S0889-5406(13)00415-0/sref29

	Survival of bonded lingual retainers with chemical or photo polymerization in orthodontic patients over a 2-year period: A  ...
	Outline placeholder
	Specific objectives or hypotheses

	Methods
	Trial design and any changes after trial commencement
	Participants, eligibility criteria, and settings
	Interventions
	Outcomes (primary and secondary) and any changes after trial commencement
	Sample size calculation
	Interim analyses and stopping guidelines
	Randomization (random number generation, allocation concealment, implementation)
	Blinding
	Statistical analysis (primary and secondary outcomes, subgroup analyses)

	Results
	Participant flow (include flow diagram, early stopping and time periods)
	Baseline data (include baseline table)
	Numbers analyzed for each outcome, estimation and precision, subgroup analyses
	Harms

	Discussion
	Main findings in the context of the existing evidence, interpretation
	Limitations
	Generalizability

	Conclusions
	References


