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Summary 
Objectives:  The primary aim of this two-arm parallel two-centre randomized controlled trial was to compare computer-aided design and 
computer-aided manufacturing (CAD/CAM) versus conventional multistranded fixed retainers (FRs) in terms of stability over 6 months. Secondary 
outcomes were failure rates and patient satisfaction.
Methods:  Patients were randomized to CAD/CAM or conventional FRs in both arches, in 1:1 ratio and blocks of four. Allocation concealment 
was secured by using sequentially numbered envelopes. Patients were blinded. Retainers were bonded at the end of orthodontic treatment (T0), 
and patients were recalled after 1 (T1), 3 (T3), and 6 (T6) months. First-time retainer failures were recorded and digital impressions were taken. 
Arch widths and lengths, as well as Little’s Irregularity Index (LII), were measured. Additionally, patients answered satisfaction questionnaires. 
Linear mixed models were applied for measurements and patient satisfaction. Survival analyses were estimated with Kaplan-Meier curves, 
along with Cox-regression modelling.
Results:  One hundred and eighty-one patients were randomized (98 in Centre 1, and 83 in Centre 2): Ninety in the CAD/CAM group and 
91 in the conventional group. Three subjects dropped out at baseline, as they did not attend any of the follow-up appointments.168 patients 
attended the T6 visit. There were no significant differences in arch dimensions between T0 and T6, whilst the LII was different only in the 
CAD/CAM group (mean difference: 0.2 mm; 95% confidence interval: 0.1 to 0.4; P < 0.001). Within 6 months, 39 upper retainers (19 out of 
88 CAD/CAM and 20 out of 90 conventional retainers) and 52 lower retainers failed (26 out of 88 CAD/CAM and 26 out of 90 conventional 
retainers), with no significant difference between the survival of both types of retainers (hazard ratios conventional to CAD/CAM: upper arch: 
0.99 [P =0.99], lower arch: 0.93 [P = 0.80]). There were no significant changes in patient satisfaction between the groups. No harms were 
observed.
Conclusions:  There were no clinically significant differences in LII, arch widths and lengths between CAD/CAM and conventional retainers after 
6 months. There was no difference in failures and in patient satisfaction between both types of FRs.
Registration:  ClinicalTrials.gov NCT04389879.

Introduction
Retention after orthodontic treatment is considered man-
datory to maintain the stability of treatment outcome (1). 
Nevertheless, retention remains one of the most challenging 
areas in orthodontics. A Cochrane systematic review con-
cluded in 2016 that there is insufficient evidence to favour 
one retention method over another in terms of post-treatment 
stability, harms, long-term implications, and patient satisfac-
tion (2). However, more recently, in 2019, a Dutch team has 
developed a clinical practice guideline for retention (3).

Retention protocols are constantly refined to improve 
their effectiveness. Nevertheless, both fixed and removable 

retainers continue to be the trend (4). There is a marked geo-
graphical variation with the use of retention protocols. In the 
Netherlands, in 2009, fixed retainers (FRs) were reported to 
be the most common retainers (97%) and were used for both 
arches (5). Seventy percent of patients had canine-to-canine 
FRs in the lower arch, and 34% in the upper arch. In 2018, a 
Dutch study reported that the most used retention protocol in 
the upper arch was a combination of FR and removable retainer 
(54%) and mainly a FR in the lower arch (83%) (6). A similar 
trend was observed in Norway (7). By contrast, in Australia and 
New Zealand, mandibular fixed and maxillary vacuum-formed 
retainers (VFRs) are the most prevalent combination (8,9).
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In the literature, a wide variety of FR protocols are used, 
which differ significantly in terms of wires/materials used, 
bonding technique and teeth involved (2). FRs have shown 
to be efficient, reliable, and to offer good short-term stability 
(10). However, besides the benefits, the use of these devices 
is associated with potential drawbacks and harms, such as 
failure associated with relapse and risk of undesirable adverse 
effects (11–14). Moreover, FRs can impair the patient’s com-
fort and ability to maintain oral hygiene. Ideally, FRs should 
be flexible enough to allow some degree of physiologic move-
ment of the retained teeth, hence, providing homeostasis to 
the periodontium as well as reducing tension within the com-
posite bonding material (15). In addition, an ideal FR should 
not be susceptible to fracture and plaque retention.

To limit the negative aspects of conventional retainers, ad-
vances in material science and computer-aided design and 
computer-aided manufacturing (CAD/CAM) technology have 
made it possible to generate innovative custom-cut nitinol 
FRs (16,17). CAD/CAM FRs are considered a potential al-
ternative to conventional multistranded (MS) FRs, and are 
claimed to deliver utmost accuracy, and to reduce chair-time 
and need for operator dexterity (18). Furthermore, they seem 
to offer high predictability when limited bonding surface is 
available, as well as in anatomically demanding regions (19). 
In addition, CAD/CAM FRs might provide a very accurate 
passive fitting to the lingual tooth surface, which is critical 
as wire tension produced during bonding procedure can re-
sult in undesirable adverse effects over the long term, such 
as unexpected post-treatment tooth movements; unrelated to 
the initial malocclusion, caused by residual stress between the 
bonding points (20–22). The clinical effectiveness of CAD/
CAM FRs has not been tested extensively. Three recent pro-
spective studies found no significant differences between 
CAD/CAM and MS FRs in terms of stability and failure rate 
(23–25). However, those studies are characterized by rela-
tively small samples.

To our knowledge, this is the largest randomized controlled 
trial (RCT) assessing stability, failure rate and patient satisfac-
tion of CAD/CAM retainers vs. conventional MS retainers in 
both arches, and is also one of the largest RCTs about FRs in 
general. The present report focuses on the preliminary results 
of this trial, that is, 6 months after retainer placement.

Objectives and hypotheses
The aims of the present RCT were to assess and compare the 
clinical effectiveness of CAD/CAM versus conventional MS 
FRs in terms of post-treatment stability (primary outcome), 
failure rate, and patient satisfaction (secondary outcomes) over 
a 6-month period. The null hypothesis was that CAD/CAM 
FRs present no significant differences when compared with MS 
FRs in terms of stability, failure rate, and patient satisfaction.

Material and methods
Trial design and any changes after trial 
commencement
This study is a two-centre, two-arm, parallel, RCT with a 1:1 al-
location ratio. No changes occurred after trial commencement.

Participants, eligibility criteria, and settings
Patients treated at two postgraduate orthodontic clinics 
(Section of Orthodontics, Department of Dentistry and 
Oral Health, Aarhus University, Denmark and Department 

of Orthodontics, Institute of Clinical Dentistry, Faculty of 
Dentistry, University of Oslo, Norway) who were about to 
finish their orthodontic treatment, were invited to participate. 
Patient enrollment started on 15 January 2019 and finished 
on 15 June 2019 in Centre 1 (Aarhus University), and started 
on 15 May 2019 and finished on 7 October 2020 in Centre 
2 (University of Oslo). The following inclusion criteria were 
applied:

1. Good general health
2. Age range 12–25 years old
3. Presence of all maxillary and mandibular anterior teeth 

with normal shape and size
4. Completion of treatment with full fixed appliance.

There was no restriction to presenting initial malocclusion. 
The following exclusion criteria were applied:

1. Patients with cleft lip and/or palate or any other 
craniofacial syndrome

2. Patients with compromised oral hygiene or periodontal 
disease

3. Patients who had orthognathic surgery
4. Lingual appliance treatments
5. Enamel hypoplasia, fluorosis, active caries, restorations, 

or fractures in the anterior teeth
6. Patients who had separate arch debondings with a differ-

ence of more than 2 months in-between jaws
7. Re-treatments
8. Patients who were assigned to another retention protocol 

due to their initial malocclusion.

Recruited patients (or a parent/guardian in case of a minor pa-
tient) received oral and written information about the study. 
Patients who agreed to participate were asked to sign an in-
formed consent at their last appointment before debonding. 
This study was approved by the Health Research Ethics 
Committee—Central Jutland, Denmark (case number: 1-10-
72-266-18), and by the Regional Committees for Medical and 
Health Research Ethics, Norway (case number: 2018-1655).

Interventions
FRs
Intraoral scan and laboratory procedure:

1. At the last appointment before debonding, subjects had 
supra-gingival debridement followed by an intraoral 
scan (Trios 3, 3Shape, Copenhagen, Denmark) of both 
arches with bite registration.

2. Intraoral scans for CAD/CAM FRs were sent to CA 
Digital lab via 3Shape Communicate® (Copenhagen, 
Denmark), while intraoral scans for conventional MS 
FRs were sent to the Departments’ internal laboratories.

3. Laboratory work:

a. CAD/CAM FRs: 0.014 X 0.014-inch rectangular 
Nitinol retainers (Memotain, CA Digital, Hilden, 
Germany) were digitally designed by a dental tech-
nician (CA Digital lab) using OnyxCeph 3D Pro 
Software (Image Instruments, Chemnitz, Germany). 
Afterwards, they were custom-cut from a nitinol 
sheet and electro-polished. A silicone transfer key 
was prepared (Figure 1a and b) to facilitate the posi-
tioning of the retainers (19).
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b. Conventional MS FRs: 0.0215-inch six-stranded stain-
less steel ([SS] G&H, Franklin, Indiana, USA) retainers 
were prepared by the same dental technician at each 
centre. The wire was shaped to adapt passively to the 
lingual surfaces of upper and lower anterior teeth on the 
plaster model, without heat treatment. A silicone trans-
fer key was prepared for each FR (Figure 1c and d).

Bonding procedures:
In each centre, one operator (SG and HP) bonded all FRs 

(T0). The operators:

1. Tried the retainers, cleaned the teeth and isolated.
2. Acid-etched the lingual surfaces of all anterior teeth with 

37% phosphoric acid (30 s), rinsed (10 s) and dried.
3. Applied bonding (Transbond™ XT, 3M Unitek, 

Monrovia, California, USA). Inserted the lower FR with 
transfer key, applied a small amount of composite Tetric 
Flow (Ivoclar Vivadent, Switzerland) on tooth 43, fol-
lowed by tooth 33. Removed the transfer key, and ap-
plied composite on the rest of the teeth from right to 
left side, and light cured each tooth for 10 s. Bonded the 
upper retainer following the same steps (retainer bonding 
started from tooth 12, then tooth 22 in case of a lateral 
incisor-to-lateral incisor retainer, or started from tooth 
13, then tooth 23 in case of a canine-to-canine retainer).

4. Removed brackets and polished the teeth.
5. Informed the patient about hygiene instructions (oral 

and written).

An intraoral scan (Trios 3) and intraoral photographs were 
taken at the end of the bonding procedure (T0).

Patients received an upper removable retainer after 
debonding, to be worn at night-time.

Follow-up
Patients were recalled for follow-up appointments after 
1 (T1), 3 (T3), and 6 (T6) months. At all visits, a clinical 
examination was performed. The pattern of retainer failure 
was recorded as follows: (1) debonding at enamel-composite 
interface: one or more bonding sites detached from the 
enamel surface but the retainer was still in situ; (2) debonding 
at wire-composite interface: one or more bonding sites de-
tached from the wire surface but the retainer was still in situ; 
(3) wire fracture: the retainer fractured at one or more sites; 
(4) complete detachment from all teeth: all bonding sites of 
a retainer detached; and (5) removed by the clinician: the 
retainer was completely removed due to relapse or unex-
pected post-treatment changes. For each failure, the affected 
teeth were recorded. Participants were advised to contact the 
clinic as soon as possible if they encountered any problems 
or concerns.

In addition, at T1 and T6, the patients were asked to an-
swer a 5-item visual analogue scale (VAS) regarding comfort/
satisfaction with the FRs (Table 1).

At T6, an intraoral scan (Trios 3) and intraoral photo-
graphs were taken.

Outcomes (primary and secondary) and any 
changes after trial commencement
The primary outcome was the post-treatment stability. The 
secondary outcomes were retainer failures and patient satis-
faction. No changes were made after trial commencement.

Post-treatment stability
As previously mentioned, intra-oral scans were taken at T0 
and T6. The resulting digital models (both arches) were meas-
ured at T0 and T6. One operator in each centre (AG and HP) 
measured the Little’s Irregularity Index (LII), and the upper 
and lower arch widths and lengths using the Ortho Analyzer 
software (3Shape) to a precision of 0.01 mm (Figure 2). The 
LII was also assessed before orthodontic treatment to deter-
mine baseline characteristics of the sample.

Failures
The survival time and pattern of FR failure were recorded 
separately for each arch over the follow-up period. The sur-
vival time was calculated from the day of bonding to the day 
of the first failure event (debonding/wire breakage/complete 

Figure 1. (a) 0.014 × 0.014-inch rectangular Nitinol CAD/CAM generated 
fixed retainers (Memotain), with silicone transfer key on printed models. 
(b) Upper and lower Memotain retainers bonded canine-to-canine. (c) 
0.0215-inch conventional six-stranded stainless-steel retainers, with 
silicone transfer key on printed models. (d) Upper and lower six-stranded 
stainless-steel retainers bonded canine-to-canine.

Table 1. Visual analogue scale (VAS) for the evaluation of patient 
satisfaction.

Instructions to the patient: please tell us about your experience with 
your fixed retainers (that is the thin pieces of wires glued to the back 
of your front teeth).
There are five questions relating to how comfortable you find your 
retainers and how they affect your daily life. The left side represents 
0 = complete satisfaction/comfort and the right side represents 100 = 
complete discomfort/unsatisfaction.

1 How comfortable is it to wear your fixed re-
tainers compared to braces?

2 How comfortable is it to clean your teeth to-
gether with your fixed retainers?

3 How comfortable is it to remove trapped food 
between your teeth and your fixed retainers?

4 How comfortable is it to talk?

5 How comfortable is it to eat?
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detachment/removal by clinician). Only the first failure 
event was considered for the survival analysis. The date of 
failure was reported as the day the patient became aware 
of the problem or alternatively the date the clinician noted 
the failure when a participant was unaware of the failure. If 
some patients did not attend the last appointment (T6) but 
still attended one of the retention visits (i.e. T1 and/or T3), 
the status (failure or no failure) observed at their last visit 
was taken into consideration for the survival analysis.

Patient satisfaction
Patient satisfaction was determined at T1 and T6 using the 
VAS described above. The questionnaires were sent by email 
to the patients who did not attend the visits.

Sample size calculation
The sample size calculation was determined based on the pri-
mary outcome (post-treatment stability). To demonstrate a 
difference of 1.5 mm in LII (26) between both groups, and 
assuming that the standard deviation (SD) of LII is 3 mm 
(27), the study needed 63 subjects per group, with a power 
of 80% and a significance level of 5%. To account for a po-
tential dropout rate of 40% over the total planned follow-up 
period of the study, the sample size was increased to a total of 
90 subjects per group.

Randomization
The patients were randomized in 1:1 ratio into blocks of 
four following an online computer-generated sequence 
(randomization.com), by one author in each centre (AG 
and HP), to either CAD/CAM FR or conventional MS FR. 
Randomization took place shortly before debonding. The 
same two authors enrolled participants. Allocation conceal-
ment was ensured by using sequentially numbered, opaque, 
sealed envelopes prepared in advance of the trial by a col-
league not involved in the study. The same two authors 

assigned the participants to the interventions. Recruitment 
was terminated when the planned number of subjects was 
reached.

Blinding
Patients were blinded but blinding of the operator was not 
possible due to the nature of the intervention. Blinding of 
the outcome assessor regarding stability (based on digital 
models) and failures (based on clinical assessment) was not 
possible due to the evident differences between the retainers, 
but blinding the assessor for patient satisfaction was ensured 
by removing patient identifying information from the com-
pleted forms.

Statistical analysis
Data collection and management were performed using 
REDCap (Research Electronic Data Capture) (Centre 1) 
and TSD (services for sensitive data) (Centre 2). All analyses 
were conducted using Stata Statistical Software (Release 16. 
College Station, StataCorp, Texas, USA). Descriptive statis-
tics were performed. To assess the similarity of baseline char-
acteristics, two-sample hypothesis tests were conducted to 

Figure 2. Arch width and length (mm). ICD, inter-canine distance; 
distance between the cusp tips of right and left permanent canines; 
IPD, inter-premolar distance; distance between the tip of the buccal 
cusp of the right and left first premolars; IMD, inter-molar distance; 
distance between the tip of the mesiobuccal cusp of the right and left 
first permanent molars; AL, arch length; the distance between the incisal 
edge of the most prominent central incisor to the frontal/coronal plane 
passing through the most posterior aspect of the first permanent molars. 
In case of abrasion of a cusp, the centre of the abrasion facet was used 
instead of the centre of the cusp.

Figure 3. CONSORT diagram showing the flow of patients through the 
trial.
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compare distribution of genders, extraction status, ages and 
pre-treatment LII between groups. For arch dimensions and 
LII, each individual measurement was modelled by a linear 
mixed model with an unstructured marginal covariance pat-
tern to induce correlation between two repeated measures on 
the same subject (28). The survival analyses were conducted 
using the Kaplan-Meier curves separately for the upper and 
lower retainers, along with a Cox-regression modelling with 
Breslow method for ties to assess predictors for retainer sur-
vival. VAS results were adjusted for age, gender, randomiza-
tion group, and time, in addition to modelling by a linear 
mixed regression model, but with two repeated measures 
on the same subject. All linear mixed models included a 
Kenward-Roger adjustment for the denominator degrees of 
freedom. For example, if five outcomes were being modelled, 
the individual significance level for each outcome was revised 
down to 1%.

Error of the method
To evaluate inter-examiner reliability, two operators (AG and 
HP) measured 60 randomly selected models. The intra-class 
correlation coefficients (ICC) were used to assess reliability. 
Twenty-six patients answered the same VAS again at a 1-week 
interval after T1. Test-retest reliability of the VAS results was 
assessed using ICC, computed by a linear mixed model for 
components of variance, also with a Kenward-Roger adjust-
ment for denominator degrees of freedom.

Results
Participant flow
A total of 357 subjects were assessed for eligibility (207 in 
Centre 1, and 150 in Centre 2), as shown in the CONSORT 
flow diagram (Figure 3). One hundred and eighty-one pa-
tients were randomized (90 to the CAD/CAM group and 91 
to the conventional group).

One hundred and sixty-eight patients attended the T6 ap-
pointment (84 patients in each group) and were considered 
for the 6-month evaluation (Figure 3). Patients who did not 
show up within 2 months from the planned T6 appointment 
were no longer considered for the 6-month evaluation.

Baseline data
The baseline characteristics of the patients in each group were 
similar in terms of gender, age, treatment modality (extrac-
tion, non-extraction) and LII (Table 2).

Main outcome: stability
The upper FRs were distributed as follows: 12–22 (n = 26; 14 
in the CAD/CAM and 12 in the conventional group), 13–23 
(n = 152; 74 in the CAD/CAM and 78 in the conventional 
group), others (12–23; n = 2; one in the CAD/CAM and one 
in the conventional group and 11–21; n = 1; in the CAD/
CAM group). The lower FRs were distributed as follows: 
43–33 (n = 180; 90 in the CAD/CAM and 90 in the conven-
tional group), 44–34 (n = 1; in the conventional group). There 
was no evidence of a statistically significant difference in LII, 
upper and lower arch lengths and widths (inter-canine, inter-
premolar, and inter-molar distances) between T0 and T6, ex-
cept for the LII in the CAD/CAM group (mean difference: 0.2 
mm; 95% confidence interval: 0.1 mm, 0.4 mm; P < 0.001). 
There were no differences between the groups at the different 
timepoints (Table 3).

Secondary outcome: failures
Within 6 months, in the upper arch, 19 out of 88 CAD/CAM 
retainers (22%) and 20 out of 90 conventional retainers 
(22%) failed (total upper failures: 39), whilst in the lower 
arch 26 out of 88 (30%) CAD/CAM retainers and 26 out of 
90 (29%) conventional retainers failed (total lower failures: 
52). There was no statistically significant difference in sur-
vival between the two groups. The hazard ratios are reported 
in Table 4. The Kaplan-Meier survival curves for both groups 
are presented in Figure 4. The distribution of the upper and 
lower first-time failure patterns in each group are illustrated 
in Table 5. Bond failure was the most common pattern of 
failure in both groups and both arches, in particular at the 
enamel-composite interface. The distribution of failures per 
tooth is shown in Figure 5. Lower central incisors (tooth 41) 
were the most prone to debondings. Out of the 13 patients 
who did not attend the 6-month visit, three did not attend 
any of the follow-up appointments, four had already encoun-
tered a failure event at an earlier retention follow-up (one 
CAD/CAM [in the lower jaw only] and three conventional 
[two in the upper jaw and one in both jaws]). The remaining 

Table 2.  Baseline characteristics (n = 181).

CAD/CAM
n = 90

Conventional
n = 91

Total (%) P
(test of proportions/
unpaired sample t-test)

Gender n = n =

  Female 44 52 96 (53.0) 0.26

  Male 46 39 85 (47.1)

Treatment modality

  Extraction cases 12 16 28 (15.5) 0.43

  Non-extraction cases 78 75 153 (84.5)

Mean SD Range Mean SD Range

Age at start of reten-
tion T0 (years)

16.0 2.6 12.1–25.8 16.4 3.0 12.1–25.8 0.28

LIIa (pre-treatment) 5.3 2.9 0.6–13.7 6.1 2.8 1.2–15.1 0.08

aPre-treatment models were lost for one patient in the CAD/CAM group (n = 89), and for two patients in the Conventional group (n = 89).
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six patients (three CAD/CAM and three conventional) were 
event-free at their 3-month visit.

Secondary outcome: patient satisfaction
Hundred eighty-one patients completed the VAS at T1, and 
105 at T6. Patient satisfaction improved significantly at T6 
compared to T1 for all questions except question 2 (‘How 
comfortable is it to clean your teeth together with your FRs?’) 
(Figure 6). There was no statistically significant difference be-
tween the CAD/CAM and the conventional groups, except for 
question 2, favouring the CAD/CAM group.

Error of the method
Inter-examiner reliability results were excellent for the meas-
urements of arch dimensions and LII (Supplementary Table 
1). The ICC for the VAS was excellent (Supplementary Table 
2).

Harms
No serious harm was observed.

Discussion
Post-treatment stability, survival, and patient satisfaction are 
parameters that a clinician must consider when choosing a 
retention protocol. To our knowledge, the present RCT is the 
largest one to compare stability, failure rate, and patient satis-
faction of CAD/CAM versus conventional FRs in both upper 
and lower arches. There was no evidence of a statistically sig-
nificant difference in arch dimensions, failure rate, and pa-
tient satisfaction between CAD/CAM and conventional FRs 
at 6-month post-treatment. Those findings seem to validate 
the use of CAD/CAM FRs since they perform equally well 
compared to conventional MS FRs, which used to be the gold 
standard (4).

As it is believed that the stability of the lower arch is 
limited and that this arch is the key to stability or relapse as 
the upper arch wraps around the lower and follows changes 
in the lower arch alignment (29), many studies investigate 
FRs in the lower arch only. Alrawas et al. performed an RCT 
that compared CAD/CAM FRs with conventional MS FRs 
in terms of stability, with a protocol that included the lower 
arch only (23). The sample size (n = 60) was smaller than in 
the present study (24).

It is known that FRs allow for good preservation of the inter-
canine distance in the short-term (30). The results of the pre-
sent study are aligned with these findings. Furthermore, Forde 
et al. reported no difference in stability when comparing FRs 
with VFRs (31). Regarding CAD/CAM technology, Alrawas 
et al. found no statistical significance in terms of stability be-
tween 0.012 × 0.018-inch CAD/CAM FRs (Robofix, Istanbul, 
Turkey) and 0.017-inch MS conventional FRs, which is, once 
again, in agreement with the present findings (23). In the pre-
sent study, a statistically significant difference in LII was ob-
served between bonding and 6-month follow-up for the CAD/
CAM retainers, however, this difference seems not to be clin-
ically relevant (0.2 mm).

Unexpected post-treatment changes are defined as dental 
changes that occur in terms of torque and/or rotational move-
ments not related to the initial malocclusion (32). Since MS 
wires are suspected to be responsible for those movements (33), 
one may hypothesize that a by definition fully passive CAD/
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CAM FR could be less subject to such side effects. In the present 
sample, after 6 months follow-up, no unexpected post-treatment 
changes were observed, in none of the groups, which was ex-
pected as those kinds of changes generally occur later (33).

A large number of studies have investigated survival time 
of FRs, but mostly for the lower arch (34–36). In the present 
study, the failure rate in the upper arch was 22% for both 
types of FRs, whereas, in the lower arch, the failure rate was 
30% for the CAD/CAM FRs and 29% for the conventional 
FRs. For the ten patients who did not attend the 6-month 
visit but still attended one of the retention visits (i.e. T1 and/
or T3), the status (failure or no failure) observed at their last 
visit was taken into consideration. Another assumption con-
sidering all retainers of those patients as failures would still 
result in no difference between the two groups (23 out of 88 
CAD/CAM retainers (26%) and 23 out of 90 conventional 
retainers (26%), 29 out of 88 (33%) CAD/CAM retainers and 
31 out of 90 (34%) conventional retainers).

Failure of FRs is a common clinical complication. Bond 
failure in metal FRs is reported to be between 3.5% and 
53% (37,38). The failure rate for canine-to-canine FRs 
(0.0215 inch) has been reported to be as high as 53% (37), 
which is higher than the failure rates observed in the pre-
sent study. The present findings indicate that the failure rates 
were similar for CAD/CAM and conventional FRs. Likewise, 
Alrawas et al. reported no statistical significance in failure 
rate between CAD/CAM FRs and conventional MS FRs 
after 6 months (23). Another recent prospective study with 6 
months follow-up concluded that lower FRs using Memotain 
(77% survival rate) and five-stranded wires (73% survival 
rate) were similar in terms of survival rates after 6 months 
follow-up (25).

Table 4. Hazard ratios for types of retainers and for gender.

Upper arch Lower arch

Hazard ratio P 95% confidence 
interval

Hazard ratio P 95% confidence 
interval

Conventional to CAD/CAM 0.99 0.99 0.52 1.90 0.93 0.80 0.53 1.63

Male to female 1.31 0.43 0.66 2.57 0.73 0.28 0.41 1.30

Figure 4. Kaplan-Meier survival curves for the upper and lower arches 
according to CAD/CAM and Conventional FRs. CAD/CAM, computer-
aided design and computer-aided manufacturing; FR, fixed retainers.

Figure 5. Distribution of bond failures per tooth in each group up to 
6-month follow-up.

Table 5. Distribution of upper and lower FR failure patterns in each group 
over the 6-month follow-up.

Group Total

CAD/CAM Conventional

Upper arch

  Complete detachment 
from all teeth

1 2 3

  Debonding at enamel-
composite interface

8 6 14

  Debonding at wire-
composite interface

5 7 12

  Retainer removed by 
clinician

0 1 1

  Wire fracture 5 4 9

Total 19 20 39

Lower arch

  Complete detachment 
from all teeth

4 5 9

  Debonding at enamel-
composite interface

13 15 28

  Debonding at wire-
composite interface

6 6 12

  Retainer removed by 
clinician

1 0 1

  Wire fracture 2 0 2

Total 26 26 52

FR, fixed retainers.
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The present study reported lower failure rates for upper 
FRs compared to lower FRs. By contrast, Forde et al. (31). 
reported much higher failures rates at 12 months follow up 
of upper versus lower MS FRs (64% and 50%, respectively).

FRs may fail at the wire-composite interface, at the 
composite-enamel interface or can be subject to stress frac-
ture of the wire at the inter-proximal areas, which can result 
in tooth displacement (14,39). Bond failure, in particular at 
the enamel-composite interface, was the most common pat-
tern of failure in both groups and in both arches in the present 
study. Gelin et al., comparing CAD/CAM FRs to conventional 
FRs in a considerably smaller sample (62 subjects), reported 
no FR fractures, and observed a similar proportion of wire-
composite and enamel-composite debondings with CAD/
CAM FRs compared to conventional FRs (24). Two other 
studies comparing CAD/CAM FRs to conventional FRs did 
not report failure patterns (23,25). One recent RCT (40) as-
sessed failure rate in the lower arch only and reported lower 
failure rates of MS FRs (31%) when compared with fibre re-
inforced composite retainers.

Some studies have reported the attitudes and prefer-
ences of orthodontists towards various retention protocols, 
but only few have explored patient satisfaction (12,41). 
Scribante et al. investigated patient satisfaction for FRs in 
the lower arch and found that in terms of aesthetics, poly-
ethylene ribbon-reinforced resin FRs were favoured more 
than MS FRs (42). On the other hand, Forde et al reported 

that patients found VFRs easier to clean than FRs (31). In 
the present study, there was no statistically significant dif-
ference in patient satisfaction between CAD/CAM and con-
ventional FRs, except for the question ‘How comfortable 
is it to clean your teeth together with your FRs?’, which 
showed an estimated difference of 5.2% in favour of CAD/
CAM FRs. Gelin et al. found no difference in overall satis-
faction and level of discomfort for the tongue with CAD/
CAM versus conventional FRS, but did not investigate 
cleaning issues.

This paper covers preliminary results of an ongoing ran-
domized controlled clinical trial. At the present stage, an 
intention-to-treat (ITT) analysis was not performed for the 
assessment of stability, as attrition was minimal (8.8%). An 
ITT analysis will be performed in the future reports of this 
RCT, if attrition becomes more severe.

Limitations
In the present study, the CAD/CAM Nitinol Memotain® 1.0 
FRs were used. After the present study was initiated, an op-
timized version was introduced, Memotain® 2.0, which is 
‘serrated to overcome the sliding effect, designed to fit better 
at the interdental areas and is assumed to have minimum risk 
of fracture’, according to the manufacturer. Thus, the present 
study could not assess if Memotain® 2.0 would offer better 
retention to the tooth surface, thus leading to lower failure 
rate, specifically at the enamel-composite interface, which 

Figure 6. Patients’ satisfaction visual analogue scale (VAS) changes over time.
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was the most common failure pattern in the present study, or 
if it would reduce composite wear.

Although new technology is appealing, present drawbacks 
of CAD/CAM retainers are cost, and dependency on an ex-
ternal laboratory for laser cutting technology, potentially 
generating long waiting times between ordering and receiving 
FRs, with potential risk of tooth movement.

This study was powered on a continuous outcome (LII), 
which usually requires a lower sample size than outcomes of 
binary nature such as rates. Hence, one should be aware that 
the secondary outcomes of binary nature, like satisfaction or 
failure rate, have a lower statistical power than that of the 
primary outcome.

Patients were given an upper removable retainer after 
debonding and were advised to use at night-time, as dual re-
tention is a relatively standard procedure for the maxilla in 
Denmark and Norway. This could have influenced the upper 
arch stability; however, it is known that upper anterior align-
ment is similarly stable with FRs combined to removable 
retainers, compared to FRs only (43). Furthermore, it is not 
possible to know how consistently the patients were wearing 
their removable retainers.

Finally, as previously mentioned, this report describes 
the preliminary results of an ongoing study. The 6-month 
follow-up results reported here only represent short-term re-
tention outcomes.

Generalizability
One experienced operator at each centre bonded all re-
tainers, which is a strength of the present study. However, 
this might not reflect the variability of a larger group of 
clinicians.

Conclusion
• There was no evidence of a statistically significant 

difference in arch dimensions, failure rate, and pa-
tient satisfaction between CAD/CAM Nitinol and 
MS conventional FRs in the upper and lower arches 
over a duration of 6 months post-treatment. In the 
CAD/CAM group, the LII increased statistically, 
but not clinically significantly over the 6-month 
follow-up.

• Within 6 months, 22% upper CAD/CAM FRs and 22 
% upper conventional FRs failed, as well as 30% lower 
CAD/CAM FRs and 29% lower conventional FRs.

• The most common failure pattern in both groups 
was debonding at enamel-composite interface.
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