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Innovative customized CAD/CAM nickel-titanium 
lingual retainer versus standard stainless-steel 
lingual retainer: A randomized controlled trial 

Objective: To compare computer-aided design and computer-aided 
manufacturing (CAD/CAM) customized nitinol retainers with standard stainless-
steel fixed retainers over a 12-month study period. Methods: This randomized 
controlled trial (RCT) was conducted on 62 patients randomly allocated to a 
control group that received stainless-steel retainers or a test group that received 
customized CAD/CAM nickel-titanium retainers. Four time points were defined: 
retainer placement (T0) and 1-month (T1), 6-month (T2), and 12-month (T3) 
follow-up appointments. At each time point, Little’s irregularity index (LII) 
(primary endpoint) and dental stability measurements such as intercanine width 
were recorded in addition to assessment of periodontal parameters. Radiological 
measurements such as the incisor mandibular plane angle (IMPA) were recorded 
at T0 and T3. Failure events (wire integrity or debonding) were assessed at each 
time point. Results: From T0 to T3, LII and other dental measurements showed 
no significant differences between the two groups. The data for periodontal 
parameters remained stable over the study period, except for the gingival index, 
which was slightly, but significantly, higher in the test group at T3 (p = 0.039). 
The IMPA angle showed no intergroup difference. The two groups showed no 
significant difference in debonding events. Conclusions: This RCT conducted 
over a 12-month period demonstrated no significant difference between 
customized CAD/CAM nickel-titanium lingual retainers and standard stainless-
steel lingual retainers in terms of dental anterior stability and retainer survival. 
Both retainers eventually appeared to be equally effective in maintaining 
periodontal health. 
[Korean J Orthod 2020;50(6):373-382]
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INTRODUCTION

The stability of orthodontic treatment outcomes is the 
primary concern of orthodontists, as mentioned by Op-
penheim in 1934. Indeed, Sadowsky and Sakols1 stated 
that 72% of patients show relapse approximately 20 
years after orthodontic treatment. This was confirmed in 
2013 by Yu et al.,2 who described stability values rang-
ing between 30% and 50% that reduced to 10% 20 
years after debonding. Therefore, the placement of an 
orthodontic retainer has been highly recommended. 

Retainers have been described in the literature as re-
movable or fixed systems that can be associated with a 
non-mechanical process such as surgery (e.g., fibroto-
my). Over time, fixed retainers have progressively gained 
favor over removable retainers3 due to their durability, 
lack of compliance requirements,4 esthetic appearance, 
and growing patient demand.5 Currently, the gold stan-
dard remains the multi-stranded wire introduced by 
Björn Zachrisson. However, fixed retainers are associ-
ated with several limitations, notably a high percentage 
of related failures (debonding, fractures) mainly in the 
maxilla (23% to 58%) compared to the mandible (5% 
to 37%).6 Moreover, dental plaque control around fixed 
retainers appears to be difficult for patients, leading to 
periodontal problems.7,8 Finally, Renkema et al.7 reported 
“wire syndrome” episodes in 2.7% of the cases 5 years 
after post-orthodontic treatment. 

Computer-aided design and computer-aided manu-
facturing (CAD/CAM) technology was recently intro-
duced in the orthodontic field, especially for custom-
made orthodontic appliances (clear aligners, customized 
labial or lingual systems) and has been extended to 
orthodontic fixed retainers. Knaup et al.8 conducted a 
clinical in vitro and in vivo study comparing conven-
tional spiral twistflex wires and computer-fabricated lin-
gual nitinol retainers in a retrospective controlled clinical 
trial assessing in vitro biofilm formation and biofilm 
formation after intraoral incubation. In these studies, 
nitinol retainers designed and manufactured by CAD/
CAM technology demonstrated better results in terms of 
oral health indices and biofilm formation. Additionally, 
an in vitro study by Aycan and Goymen9 concluded that 
CAD/CAM-fabricated wires were a relevant alternative to 
stainless-steel wires since the CAD/CAM group showed 
no deformation due to the nickel-titanium content. 

Considering the fact that fixed retainers are consid-
ered the gold standard in the post-orthodontic retention 
phase7 and that they have been in use for more than 
40 years,10 randomized controlled trials (RCTs) assess-
ing CAD/CAM lingual fixed retainers should be relevant. 
To the best of our knowledge, no clinical study has yet 
compared an innovative CAD/CAM fixed retainer with 
a standard stainless-steel fixed retainer with respect to 

lower anterior alignment stability, wire and bonding in-
tegrity, and patient opinions. 

Therefore, the objective of this prospective RCT was 
to compare an innovative customized CAD/CAM nitinol 
lingual retainer to the standard multi-stranded stainless-
steel lingual retainer over a 12-month period. The pri-
mary objective was to compare the alignment stability 
of six mandibular anterior teeth between the two groups 
by using Little’s irregularity index (LII). The second-
ary objectives were to evaluate mandibular dental arch 
parameters by dental cast and cephalometric measure-
ments, failure events such as debondings or fractures re-
lated to retainers, periodontal health and patient-report-
ed outcome measures (PROMs). The null hypothesis was 
that customized CAD/CAM nitinol lingual retainers and 
standard stainless-steel retainers provide equal results 
for the dental anterior stability parameters. 

MATERIALS AND METHODS

Experimental design

Ethical approval 
Ethical approval for this randomized control trial was 

obtained from the Ethics Committee of the University 
Hospital of Liège, Belgium (No. 2019/25). All patients 
were verbally informed of the purposes, risks, benefits, 
and monitoring of the study, and they all signed an in-
formed consent form.

Trial design
This study was designed as a single-center RCT to 

compare two different fixed retainers placed on the 
mandible from canine to canine over a 12-month fol-
low-up period (Figure 1) after retainer placement:

• Control group: Round 0.0175-inch (in) 6-strand 
twisted stainless-steel wire retainer (Supra-FlexTM; RMO 
Europe, Illkirch-Graffenstaden, France) 

• Test group: Rectangular 0.014 × 0.014-in memory 
shape customized CAD/CAM nitinol retainer (Memo-
tainTM; CA Digital GmbH, Mettmann, Germany) 

There were no changes to the protocol after trial com-
mencement. 

Participants, eligibility criteria, and settings 
Sixty-two patients from the Department of Orthodon-

tics and Dentofacial Orthopedics, University Hospital of 
Liège, were included in the RCT. They were randomly 
assigned to the control or test groups. The patient se-
lection criteria were as follows: (1) patients undergoing 
fixed orthodontic appliance at the mandible; (2) end of 
treatment defined as Class I, i.e., complete correction of 
upper and lower maxillary and mandibular crowding, 
optimal overjet and overbite (from 1 to 2 mm), coinci-
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dent upper and lower midlines, occlusion according to 
the six keys of Andrews11; (3) adequate oral hygiene; 
and (4) no missing teeth. The exclusion criteria were as 
follows: (1) craniofacial or severe asymmetry syndromes; 
(2) history of periodontal disease; (3) dental restorations 
or missing teeth on the anterior mandibular area; (4) 
previous anterior fixed retainer placement; and (5) nickel 
allergy.

Operators and investigator training
Two orthodontists were involved in the conception of 

the study, retainer placement, data acquisition, analysis, 
or interpretation. Additionally, two academic statistical 
experts performed the statistical analyses and contribut-
ed to the data analysis and interpretation. Two calibra-
tion meetings took place, in which the goals of the trial 
and the materials and methods to be used were reviewed 
and established in common.

Interventions
Dental impressions were taken using an intraoral scan-

ner (TriosTM; 3Shape, Copenhagen, Denmark) for both 
groups. For the control group, based on a resin model 
printed from the digital impressions, an independent 
Belgian laboratory technician hand-bent the stainless-
steel wire and supplied the silicone gutter to perform 
indirect wire bonding. For the test group, dental im-
pressions (stereolithography [.stl] files) were sent to 
the company (CA Digital GmbH), which designed and 
manufactured the fixed lingual retainers using a CAD/
CAM approach. All patients in both groups underwent 
the same bonding protocol (3M Primer Transbond XT 
and Transbond LR; 3M, Maplewood, MN, USA) in ac-
cordance with the manufacturer’s instructions, and fixed 
retainers were bonded by an indirect bonding technique 
from mandibular canine to canine. For cases involving 
retainer debonding, loss, or breakage, the patient was 
instructed to come back immediately to the orthodontic 
clinic. 

Data collection
The following time points were defined over the study 

period of 12 months: 
(1) T0: bonding of the lingual fixed retainer 
(2) T1: 1 month after T0
(3) T2: 6 months after T0
(4) T3: 12 months after T0 (end of the study)

Dental stability parameters 
Dental stability parameter measurements were per-

formed using Ortho Analyzer 3-D software (3Shape) at 
T0, T1, T2, and T3. The LII12 value was assessed by add-
ing the five distances obtained from the displacement 
of anatomic contact points on the lower anterior teeth 
from canine to canine. The following mandibular arch 
measurements were also recorded: intercanine width, 
interpremolar width, anterior arch length, and total arch 
length. 

Periodontal data
The following periodontal parameters were scored at 

T0, T1, T2, and T3: gingival index (GI) as described by 
Loe and Silness,13 plaque index (PI) using the Silness-
Loe index,14 recession level (RL) based on the Sullivan 
and Atkins index,15 and calculus index (CI) as defined by 
Greene and Vermillion.16

Radiographic data
Radiographic data were captured at T0 and T3. The 

degree of mandibular anterior tooth tipping based on 
American Board of Orthodontics (ABO) measurements 
was scored from 0 to 2 on panoramic radiographs. In 
addition, cephalometric measurements described by 
Steiner were measured as follows: inter-incisor angle 
and incisor mandibular plane angle (IMPA). 

Retainer failures 
Retainer and bonding integrity were recorded at T1, 

T2, and T3. Retainer integrity was categorized as fol-
lows: total integrity, partially damaged, fractured at one 

A B

Figure 1. Photograph of the 
retainers. A, Control group: 
Round  0 .0175- inch  ( i n ) 
6-strand twisted stainless-
steel wire retainer. B, Test 
group: Rectangular 0.014 
× 0.014-in memory shape 
customized computer-aided 
design and computer-aided 
manufacturing nitinol re-
tainer.
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place, or fractured at several places. For assessment of 
bond integrity, the total number of debonded retainers 
in each group was recorded, and the average events/pa-
tient was calculated. Additionally, the type of debonding 
was recorded as adhesive-enamel interface debonding or 
wire-composite interface debonding.

Patient-reported outcome measures 
Patient satisfaction was evaluated using a question-

naire with a 0–10 visual analogue scale (VAS) at T3 as 
follows: overall satisfaction and level of discomfort for 
the tongue.

Sample size calculation, randomization, and statistical 
analysis

The primary endpoint was the LII value for the man-
dible assessed at each of the four time points (0, 1 
month, 6 months, and 12 months). Thus, assuming a 
power of 80% (1-β = 0.80), a significance level (α) of 
0.0125 to account for multiple comparisons, the stan-
dard deviation (SD) of LII distribution as 0.15 mm in the 
two groups, and the use of two-sided t-tests at each 
time point, the power calculation showed that with at 
least 24 patients in each group (total n = 48 patients), a 
mean difference (Δ) of at least 0.15 mm in LII could be 
evidenced between the two groups over the entire study 
period. The sample size was increased to 31 patients in 

each group (total n = 62 patients) to compensate for 
potential dropouts during the study and to enable de-
scriptive assessment of secondary endpoints. Patients 
were randomized sequentially by blocks of 10 (5 in each 
group) until completion of the required sample size.

Results are presented as mean and SD or median and 
interquartile range (IQR) for continuous variables and as 
frequencies (number, %) for categorical variables. The 
two-sided unpaired Student’s t-test was used to com-
pare the means of the control or test groups. For pro-
portions, the chi-squared test was applied. Additionally, 
generalized linear mixed effects models (GLMMs) were 
fitted to the data in order to assess the effect of time 
and group on the variables recorded longitudinally. The 
results were considered significant at the 5% uncertainty 
level (p < 0.05). All statistical analyses were performed 
using SAS software version 9.4 (SAS Institute, Cary, NC, 
USA) and the graphics were obtained using the software 
R version 3.6.1.

RESULTS

Participant flow
Figure 2 illustrates the patient flow through the trial. 

Sixty-three patients were eligible, but one patient de-
clined to participate. Thus, 62 patients consented to 
participate and were randomized (31 each in the control 

Assessed for eligibility (n = 63)

Allocation

Analysis

Control group (n = 30)
Drop-out (n = 0)

Test group (n = 28)
Drop-out (n = 3)

Test group (n = 31)
Drop-out (n = 0)
Received allocated intervention (n = 31)

Control group (n = 30)
Drop-out (n = 1)
Received allocated intervention (n = 30)

Test group (n = 31)Control group (n = 31)

T0

Excluded (n = 1)
Declined to participate (n = 1)

Randomized (n = 62)

T1

Enrollment

T2

T3

Control group (n = 26)
Drop-out (n = 4)

Control group (n = 22)
Drop-out (n = 4)

Test group (n = 25)
Drop-out (n = 3)

Test group (n = 19)
Drop-out (n = 6)

Figure 2. Consolidated Stan-
dards of Reporting Trials flow 
diagram.
T0, Baseline; T1, 1 month; T2, 
6 months; T3, 12 months.
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and test groups). One randomized patient in the control 
group did not start the trial and was eliminated. Dur-
ing the study, 3, 7, and 10 patients discontinued their 
participation at T1, T2, and T3 respectively, and were 
treated as dropouts.

Baseline characteristics
Patient demographics are presented in Table 1. Glob-

ally, the mean age of the patients was 17 ± 4.4 years, 
and there were 18 males and 43 females. The LII value 
before the orthodontic treatment was 4.09 ± 2.32 mm. 
At bonding of lingual fixed retainer (T0), the two groups 
were homogeneous for all the parameters, except for a 
small difference in the CI (control group: 0.47 ± 0.51; 
test group: 0.77 ± 0.43; p = 0.017).

Dental cast outcomes 
Over the study period (Figure 3), the primary endpoint 

(LII) did not significantly differ between the two groups. 
Although the mean LII at T0 was slightly higher in the 
test group (0.08 ± 0.14 mm) than in the control group 
(0.01 ± 0.06 mm), the difference (p = 0.016) did not 
reach the statistical significance level of 1.25% set in 
the power calculation. These findings were confirmed 
by applying a GLMM analysis to the data with no group 
effect (p = 0.25), no time effect (p = 0.32), and no in-
teraction effect (p = 0.12). For the other dental cast pa-
rameters, including intercanine width, no significant dif-
ferences within and between groups were demonstrated 
(Table 2).

Radiographic variables 
On the panoramic radiographs, the degree of mandib-

ular anterior tooth tipping did not show any intergroup 
difference at each time point. From T0 and T3, the 
IMPA and inter-incisor angles remained stable between 
the two groups (Table 3).

Periodontal parameters 
The overall periodontal parameters also remained 

unchanged from baseline until the end of the study in 
each group, except for the GI which was slightly, but 
significantly, higher in the test group than in the control 
group at T3 (control group: 0.23 ± 0.43; test group: 0.63 
± 0.76; p = 0.039) (Table 4).

Retainer failures
Retainer integrity was categorized as total integrity 

in both groups at each time point. In assessments of 
retainer debonding over the study period, nine events 
were recorded in the control group and 10 events in the 
test group. The average number of debondings per pa-
tient showed no significant difference from T1 to T3 be-
tween the two groups. However, a significant increase in 
the quantity of debondings was noted over time in the 
two groups (time effect p = 0.022). Finally, the type of 
debonding (adhesive-enamel interface or wire-composite 
interface) did not show any difference between the two 
groups (Tables 5 and 6).

Patient-reported outcome measures 
At the end of study, the level of satisfaction in terms 

of the final result was the same in the two groups (9.9 

Table 1. Baseline characteristics of study patients in the 
control and test groups (n = 61)

Variable
Control 
group

(n = 30)

Test 
group

(n = 31)
p-value

Sex 0.30

     Female 23 (76.7) 20 (64.5)

     Male 7 (23.3) 11 (35.5)

Age (yr) 16.0 ± 3.18 18.0 ± 5.14 0.074

Little’s irregularity index 
(LII) before orthodontic 
treatment (mm)

4.20 ± 2.15 3.98 ± 2.51 0.72

Values are presented as mean ± standard deviation for 
continuous variables and as frequencies (number, %) for 
categorical variables.
Chi-square test for the comparison of the sex proportion 
between groups.
Two-sided unpaired Student’s t-test for the comparison of 
the age and LII means between groups.

L
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0 1 6

Follow-up time (mo)

Control group
Test group

0.15

0.10

0.05

0.00
12

p = 0.016*

p = 0.081

p = 0.40 p = 0.96

Time effect: = 0.32
Group effect: = 0.25

Group Time effect: = 0.12

p
p
p

Figure 3. Evolution of Little’s irregularity index in the 
control and test groups. Group mean values and standard 
error bars displayed at each time point with p-values ob-
tained by two-sided unpaired t-test. p-values of time ef-
fect, group effect and interaction effect on “Little Irregu-
larity Index” measures over time obtained by Generalized 
Linear Mixed effects Models (GLMM). 
*p < 0.05.
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vs. 9.6, p = 0.23), similar to the level of discomfort for 
the tongue (0.3 vs. 0.6, p = 0.26).

DISCUSSION

The aim of this RCT was to compare, for the first time, 
an innovative nitinol CAD/CAM retainer (test group) with 
a standard multi-stranded stainless-steel wire retainer 
(control group) on the basis of several parameters, in-
cluding anterior mandibular dental stability and retainer 
survival, over a 12-month study period. Since the null 
hypothesis of the study was not rejected, we concluded 
that no statistically significant difference could be dem-
onstrated between the two retainers. 

Anterior dental stability
After retainer bonding, the LII value remained stable 

over the study period in each group and between 
groups. Additionally, no difference was found for the 
anterior transversal and sagittal arch dimensions between 
the two groups, and the IMPA angle, whose average 
values correspond to an effective anterior guide, did not 
show any differences either. Therefore, while the stabil-

Table 2. Dental stability parameter measurements in the control and test groups 

Variable Control group Test group p-value

Intercanine width (mm)

   T0 27.0 ± 1.43 26.6 ± 1.58 0.37

   T1 27.1 ± 1.48 27.0 ± 1.16 0.83

   T2 26.9 ± 1.49 27.0 ± 1.28 0.84

   T3 26.6 ± 1.38 26.9 ± 1.25 0.51

Interpremolar width (mm)

  T0 34.5 ± 2.78 34.7 ± 2.25 0.76

   T1 34.5 ± 2.82 35.0 ± 2.04 0.46

   T2 34.6 ± 2.74 35.4 ± 2.69 0.31

   T3 34.9 ± 2.13 34.6 ± 1.56 0.70

Anterior arch length (mm)

   T0 3.88 ± 0.47 3.67 ± 0.50 0.10

   T1 4.03 ± 0.48 3.84 ± 0.55 0.18

   T2 3.82 ± 0.53 3.69 ± 0.55 0.40

   T3 3.70 ± 0.45 3.75 ± 0.53 0.76

Total arch length (mm)

   T0 22.9 ± 2.18 22.8 ± 1.82 0.93

   T1 23.0 ± 2.16 23.0 ± 2.03 0.94

   T2 23.1 ± 2.00 23.1 ± 1.78 0.99

   T3 23.4 ± 1.77 23.7 ± 1.25 0.59

Values are presented as mean ± standard deviation.
Two-sided unpaired Student’s t-test for the comparison between groups at each time point.
T0, Baseline; T1, 1 month; T2, 6 months; T3, 12 months.

Table 3. Evolution of cephalometric measurements in the 
control and test groups during the study period 

Variable Control 
group

Test 
group p-value

Inter-incisor angle (°)

   T0 123.0 ± 9.54 123.0 ± 8.32 0.91

   T3 121.0 ± 9.00 121.0 ± 8.77 0.95

IMPA (°)

   T0 102.0 ± 9.82 98.4 ± 5.74 0.13

   T3 99.7 ± 8.51 97.3 ± 7.26 0.37

Values are presented as mean ± standard deviation.
Two-sided unpaired Student’s t-test for the comparison 
between groups at each time point.
T0, Baseline; T3, 12 months; IMPA, incisor mandibular 
plane angle.
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ity of the six mandibular anterior teeth was ensured over 
time in both groups, the new CAD/CAD nitinol retainer 
did not demonstrate a better efficacy than the standard 

retainer. 
Several explanations can be proposed to explain these 

findings. First, the positive effect of fixed retainers on 

Table 4. Periodontal parameters in the control and test groups at each time point 

Variable Control group Test group p-value

Gingival index

   T0 0.97 ± 0.72 1.07 ± 0.91 0.64

   T1 0.80 ± 0.71 0.69 ± 0.79 0.59

   T2 1.04 ± 0.79 0.88 ± 0.90 0.50

   T3 0.23 ± 0.43 0.63 ± 0.76 0.039*

Plaque index

   T0 1.17 ± 0.65 1.07 ± 0.74 0.58

   T1 0.77 ± 0.57 0.73 ± 0.67 0.83

   T2 1.16 ± 0.62 0.92 ± 0.65 0.19

   T3 0.95 ± 0.49 1.05 ± 0.62 0.57

Recession index

   T0 0.00 ± 0.00 0.00 ± 0.00 0.99

   T1 0.00 ± 0.00 0.00 ± 0.00 0.99

   T2 0.00 ± 0.00 0.00 ± 0.00 0.99

   T3 0.00 ± 0.00 0.00 ± 0.00 0.99

Calculus index

   T0 0.47 ± 0.51 0.77 ± 0.43 0.017*

   T1 0.30 ± 0.47 0.27 ± 0.45 0.80

   T2 0.44 ± 0.58 0.42 ± 0 .50 0.88

   T3 0.23 ± 0.43 0.42 ± 0.51 0.19

Values are presented as mean ± standard deviation.
Two-sided unpaired Student’s t-test for the comparison between groups at each time point.
T0, Baseline; T1, 1 month; T2, 6 months; T3, 12 months.
*p < 0.05.

Table 5. Number of retainer debonding events categorized by debonding at the adhesive-enamel interface or the wire-
composite interface 

Variable Control group Test group p-value

Type of debonding

   T1 2 0 NA

      Adhesive-enamel interface 2 0

      Wire-composite interface 0 0 

   T2 4 8 0.091

      Adhesive-enamel interface 2 2 

      Wire-composite interface 2 6

   T3 3 2 0.40

      Adhesive-enamel interface 1 2 

      Wire-composite interface 2 0

Values are presented frequencies (number) and proportions were compared between groups with the Fisher exact test.
T1, 1 month; T2, 6 months; T3, 12 months.
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the alignment stability of mandibular anterior teeth is 
well-known,17 although the measures for prevention 
of some undesirable occlusal changes remain unclear.17 
Second, indirect bonding (applied in patients of both 
groups) is considered to be an accurate method of 
maintaining tooth alignment.18 Furthermore, the ef-
ficacy of the stainless-steel wire retention has already 
been demonstrated in several studies18 and a systematic 
review and meta-analysis.19 In an RCT, Gunay and Oz20 
compared the clinical success of 0.0175-in 6-strand 
stainless-steel wire with a 0.0195-in dead-soft coaxial 
wire (created directly on the patient’s mandibular arch 
without a dental cast) and considered the stainless-steel 
wire as being more efficient in tooth alignment reten-
tion. Moreover, a retrospective study by Renkema et al.7 
demonstrated the stability of the LII in 90.5% of 200 
patients over 5 years after active orthodontic treatment 
with stainless-steel flexible spiral wire. 

Nevertheless, CAD/CAM retainers have some interest-
ing characteristics; Schumacher10 and Kravitz et al.6 
highlighted the wire shape manufacturing precision, and 
Möhlhenrich et al.21 showed in an in vitro study that 
CAD/CAM nitinol retainers had better mechanical prop-
erties in terms of permanent deformation resistance than 
twisted stainless-steel wires. Additionally, as investigated 
by Wolf et al.,3 CAD/CAM technology seems to provide 
a high level of correlation between the intraoral posi-
tion of the retainer and the virtual setup position, which 
therefore induces a high level of predictability even in 
anatomically demanding regions. Nevertheless, to the 
best of our knowledge, no RCTs have already investi-
gated tooth stability with CAD/CAM retainers. All things 
considered, according to our results and the literature 
cited above, hand-bent multi-stranded wires are compa-
rable to CAD/CAM-designed and produced retainers in 
terms of anterior tooth stability, when using an indirect 
bonding for both wires. 

Retainer failures
No occurrence of retainer fracture was observed in 

either of the study groups. Indeed, Zinelis et al.22 have 
demonstrated that multi-stranded stainless-steel wires 
could maintain their elemental integrity throughout a 
14-year intraoral exposure period. With respect to the 
CAD/CAM retainer, its properties, which include resis-
tance to deformation and corrosion as well as flexibil-
ity,6 may explain the absence of fractures. Moreover, the 
fact that CAD/CAM wires are directly manufactured in 
the desired shape by laser cutting without wire bending 
could also reduce the risk of deformations or micro frac-
tures.6 However, bonding failures were reported in both 
groups, with a higher occurrence in the first 6 months 
but similar rates of occurrence in the control and test 
groups. In fact, the occurrence of bond failure of lingual 
retainers is generally higher during the first 6 months, 
according to some authors.23 The early failure peak can 
be explained by the fact that tooth mobility is higher 
just after the completion of orthodontic treatment than 
it is later in the retention period.24 Interestingly, in an in 
vitro study, Aycan and Goymen9 investigated the type of 
debonding that occurred in a multi-stranded stainless-
steel wire group when compared to a CAD/CAM nitinol 
wire group. They demonstrated, in contrast to our find-
ings, that the higher flexibility of the CAD/CAM nitinol 
wire leads to more occurrences of enamel-adhesive 
interface debondings than wire-adhesive interface 
debondings.

Periodontal health
Although fixed retainers are likely to increase gingival 

recession, plaque retention, and bleeding on probing,8 
the results in the present study demonstrated that both 
retainers are equally compatible with good periodontal 
health. Whereas the CAD/CAM nitinol group showed a 
significant and slightly higher GI at T3 than the control 
group, the Silness and Löe scores remained, on average, 
inferior to 1 over the study period in both groups. In 
a recent systematic review, Arn et al.25 confirmed that 
fixed retainers represent a good retention method in 
terms of respecting periodontal health. Moreover, pa-
tients were recalled at 1 month, 6 months, and 1 year, 
and toothbrushing recommendations were reiterated 
at each time point, since regular checkups are recom-
mended in order to detect post-treatment complica-
tions at an early stage.7 Furthermore, in the present 
study, the inclusion criteria ensured that the patients 
had good oral brushing habits, since fixed retainers are 
restricted to patients who pay attention to their oral 
hygiene.26 According to the literature, CAD/CAM retainer 
characteristics contribute to the decrease in periodontal 
events.8,27 Firstly, CAD/CAM nitinol wires exhibit higher 
flexibility, which allows physiological dental mobility 
and also reduces the risk of further periodontal prob-
lems.10 Moreover, the CAD/CAM nitinol manufacturing 

Table 6. Total number of debondings per patient from T1 
to T3 in the control and test groups

Variable Control 
group

Test 
group p-value

Total debonding

   T1 0.07 ± 0.25 0.00 ± 0.00 0.19

   T2 0.16 ± 0.37 0.33 ± 0.70 0.28

   T3 0.14 ± 0.35 0.11 ± 0.32 0.77

Values are presented as mean ± standard deviation.
Two-sided unpaired Student’s t-test for the comparison 
between groups at each time point. 
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procedure permits thinner manufactured retainers and 
integrates an electro-polishing step for the wire, both of 
which contribute to reducing plaque retention.27 Finally, 
in the in vitro study by Knaup et al.,8 who analyzed bio-
film formation on conventional lingual twistflex wires 
and computer-fabricated lingual nitinol retainers over 
6 months, the CAD/CAM group demonstrated better re-
sults. Nevertheless, due to regular retainer checkups and 
patients who took care of their oral hygiene, CAD/CAM 
retainers did not clinically improve the overall periodon-
tal health parameters compared to standard stainless-
steel retainers in the present study.

Patient-reported outcome measures 
The overall patient satisfaction rate was significantly 

high in both groups, and no difference in terms of 
tongue discomfort was noted between groups. There-
fore, the CAD/CAM nitinol electro-polished surface 
seems to have no influence on patient comfort.

Limitations
The study was designed as a single-center RCT, but 

it would be worthwhile to extend it to multiple centers 
in the future to take into account the wider experience 
of other sites. Secondly, while patients were blinded for 
the type of retainer, this was not possible for the ortho-
dontist operator. Regarding patient characteristics, more 
female than male subjects were enrolled in the study 
due to the fact that more female undergo orthodontic 
treatment that is likely to improve their dental appear-
ance. As for LII, limitations of the measurement tech-
nique have been reported.28 The LII does not consider 
dental modifications such as interdental spaces or rota-
tions when the contact point is intact; additionally, it 
does not differentiate several minor tooth displacements 
from a single high contact point displacement.29 Nev-
ertheless, the LII is considered to be a rapid and simple 
technique widely used in the literature, hence allowing 
comparisons with other publications.29 The benefit-cost 
ratio between the two groups has not been evaluated. 
However, without any further investigations, the cost of 
the CAD/CAM nitinol retainer used here was three times 
greater than that of the standard retainer. Interestingly, 
in their prospective study, Hu et al.,30 who compared 
titanium alloy retainers designed by the 3Shape soft-
ware and manufactured by CAD/CAM with hand-bent 
conventional lingual retainers, found that the manufac-
turing of the conventional method retainers was twice 
as time-consuming. Moreover, the 12-month follow-up 
period is relatively limited in order to comprehensively 
explore the mechanical properties of CAD/CAM retainers 
over a much longer timeframe (e.g., the flexibility may 
become an advantage as the material ages) and in order 
to evaluate their lifespan. Finally, the trial was not regis-

tered and this could be defined as a limitation.

CONCLUSION 

Under the restrictions of the present RCT conducted 
over 12 months, innovative customized CAD/CAM niti-
nol retainers and standard multi-stranded stainless-steel 
retainers were comparable in terms of dental anterior 
stability parameters. Both retainers were also equally 
compatible with maintaining periodontal health and 
comparable in terms of failure occurrence and patient’s 
opinion of the treatment.
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