
ORIGINAL ARTICLE

https://doi.org/10.1007/s00056-019-00169-7
J Orofac Orthop (2019) 80:88–96

Potential impact of lingual retainers on oral health: comparison
between conventional twistflex retainers and CAD/CAM fabricated
nitinol retainers

A clinical in vitro and in vivo investigation

I. Knaup1 · Y. Wagner2 · J. Wego1 · U. Fritz1 · A. Jäger3 · M. Wolf1

Received: 21 September 2018 / Accepted: 3 January 2019 / Published online: 18 February 2019
© Springer Medizin Verlag GmbH, ein Teil von Springer Nature 2019

Abstract
Purpose To evaluate the impact of a novel computer-fabricated lingual nitinol retainer compared to a conventional lingual
flexible spiral wire twistflex retainer on oral health.
Methods The study was based on a retrospective controlled clinical study with pilot character, an in vitro investigation
of material-dependent biofilm formation and an analysis of biofilm formation after intraoral incubation. Sixty-one patients
with completed fixed orthodontic treatment and retention phase for at least 6 months with twistflex retainers (group 1,
n= 31) or computer-aided design/computer-aided manufacturing (CAD/CAM) nitinol retainers (group 2, n= 30) were
included and examined regarding plaque index (PI), gingival index (GI), probing depths, bleeding on probing (BOP) and
marginal recessions (MR). Material-dependent biofilm formation of twistflex, untreated nitinol and electropolished nitinol
wire samples were assessed (1) in vitro: using optical density (OD) measurement of 10 samples of each and (2) in vivo:
using histomorphometric analysis of 18 samples of each.
Results Patients treated with nitinol retainers had significant better oral health indices (PI1= 1.29± 0.06, PI2= 0.94± 0.06;
GI1= 0.71± 0.05, GI2= 0.56± 0.04; BOP1= 0.11± 0.01, BOP2= 0.08± 0.01; PD1= 1.79± 0.03mm, PD2= 1.59± 0.04mm) ex-
cept for MR (0.08± 0.03mm versus 0.08± 0.02mm) compared to twistflex retainers. After 24h intraoral incubation nitinol
retainers demonstrated significant less biofilm formation compared to twistflex retainers. In the in vitro investigation the
temporary significant differences between the groups were compensated in the end.
Conclusions Based on the results it can be assumed that nitinol-made CAD/CAM developed lingual retainers have
a positive effect on oral health.
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Möglicher Einfluss von lingualen Retainern auf die Mundgesundheit: Vergleich zwischen
konventionellen Twist-Flex-Retainern und innovativen CAD/CAM-Retainern
Eine klinische In-vitro- und In-vivo-Untersuchung

Zusammenfassung
Ziel Beurteilung des Einflusses lingualer konventioneller Twist-Flex-Retainer und innovativer CAD/CAM(„computer-aided
design/computer-aided manufacturing“)-Nitinol-Retainer auf die orale Gesundheit.
Methoden Die Studie basiert auf einer als Pilotstudie konzipierten retrospektiven kontrollierten klinischen Studie, ei-
ner In-vitro-Untersuchung der materialabhängigen Biofilmbildung und einer Analyse der Biofilmbildung nach intraoraler
Inkubation. Einundsechzig Patienten mit abgeschlossener festsitzender kieferorthopädischer Behandlung und einer Reten-
tionsphase von mindestens 6 Monaten mit Twist-Flex-Retainern (Gruppe 1, n= 31) oder CAD/CAM-Nitinol-Retainern
(Gruppe 2, n= 30) wurden hinsichtlich Plaqueindex (PI), Zahnfleischindex (GI), Sondierungstiefen, Blutungen bei Son-
dierung (BOP) und marginalen Rezessionen (MR) untersucht. Die materialabhängige Biofilmbildung bei Twist-Flex-,
unbehandelten Nitinol- und elektropolierten Nitinol-Drahtproben wurde erstens in vitro beurteilt, unter Verwendung der
optischen Dichte (OD) und Messung von jeweils 10 Proben, zweitens in vivo, unter Verwendung einer histomorphometri-
schen Analyse von jeweils 18 Proben.
Ergebnisse Patienten, die mit Nitinol-Retainern behandelt wurden, hatten signifikant bessere Mundgesundheitsin-
dizes (PI1= 1,29± 0,06, PI2= 0,94± 0,06; GI1= 0,71± 0,05, GI2= 0,56± 0,04; BOP1= 0,11± 0,01, BOP2= 0,08± 0,01;
PD1= 1,79± 0,03mm, PD2= 1,59± 0,04mm) mit Ausnahme von MR (0,08± 0,03 vs. 0,08± 0,02mm) im Vergleich
zu mit Twist-Flex-Retainern behandelten. Nach 24h intraoraler Inkubation zeigten Nitinol-Retainer im Vergleich zu
Twist-Flex-Retainern eine deutlich geringere Biofilmbildung. In der In-vitro-Untersuchung wurden die vorübergehenden
signifikanten Unterschiede zwischen den Gruppen am Ende kompensiert.
Schlussfolgerungen Auf Grundlage der Ergebnisse kann davon ausgegangen werden, dass linguale CAD/CAM-Nitinol-
Retainer einen positiven Effekt auf die Mundgesundheit haben.

Schlüsselwörter Kieferorthopädische Apparaturen · Zahnfleischerkrankungen · Orale Gesundheit · Biofilm · Plaque ·
Zahnfleischbluten auf Sondierung

Introduction

After orthodontic treatment removable or fixed retention
appliances are commonly used to stabilise the treatment
result [1, 2]. Over time, various retention systems have been
developed and are commercially available for short-term
and long-term use [1, 3–6]. Since Zacchrisson fixed flexible
spiral wire lingual retainers are considered the gold standard
(method of first choice) in the post orthodontic retention
phase [7–9].

Irrespective of the anticipated benefits regarding tooth
stabilization, aesthetic appearance and independency from
patient’s compliance fixed lingual retainers can cause side
effects, for instance caries and periodontal reactions due to
the limited oral hygiene [10–18]. Animal and in vivo stud-
ies have shown that fixed lingual retainers can have a neg-
ative impact on periodontal health and lead to an increased
incidence of gingival recessions, increased plaque accumu-
lation, and increased bleeding [11, 18, 19]. In recent years,
however, unexpected complications like tooth movement,
torque changes and inclinations have also been described
during orthodontic retention with fixed lingual retainers [7,
8, 20–24].

Altogether, there are only a limited number of studies
examining the effect of different retainer regimes, particu-
larly fixed lingual retainers on oral health and the quality
of evidence is very low [1, 25].

Against the background of permanent retention and in-
creasing requirements regarding biocompatibility, function,
aesthetics and oral health, digitally designed nitinol-made
lingual retainers using CAD/CAM technology seem to be
a promising and innovative approach [7, 26, 27]. They show
a high precision and positioning accuracy, a fact that might
reduce unwanted tooth movements [27]. In addition, they
have an electropolished surface which could minimise bac-
terial adhesion and plaque formation.

To date, there has been no study investigating the effects
of a nitinol-made computer-aided design/computer-aided
manufacturing (CAD/CAM) developed lingual retainer on
oral health. Therefore, the first aim of this study was to
compare the impact of fixed CAD/CAM nitinol retainers
on oral health parameters with patients treated by conven-
tional flexible spiral wire twistflex retainers. The second
aim was the investigation if there were retainer material-
dependent differences regarding the amount of biofilm for-
mation. The working hypothesis was that using a nitinol-
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made CAD/CAM developed lingual retainer has a positive
effect on oral health with less biofilm formation.

Materials andmethods

Trial design

This study consisted of three parts: The first part was a ret-
rospective controlled clinical study which was intended to
function as a pilot study; the second part an in vitro inves-
tigation of the possible retainer material-dependent biofilm
formation and the last part included an analysis of the in-
traoral biofilm formation after 24h in vivo incubation.

The Ethics Committee of University of Aachen approved
this study. The study was conducted with informed consent
of all patients and in full accordance with the ethical re-
quirements of the World Medical Association Declaration
of Helsinki (2008).

Retrospective controlled clinical study—participants

All patients attending the Department of Orthodontics at
University Aachen in Germany for routine orthodontic ex-
aminations between September 2014 and June 2015 were
assessed for eligibility. Since this study was designed as
a retrospective pilot investigation no sample size calcula-
tion was performed. The inclusion criteria were provision of
written consent, completed fixed orthodontic treatment with
0.022× 0.028 inch edgewise appliance, current wearing of
a six-point fixed lingual retainer (flexible spiral wire 0.0175
inch stainless steel twistflex or 0.14× 0.14 inch CAD/CAM
nitinol wire, Fig. 1) for at least 6 months and treatment
by the same orthodontist. Exclusion criteria were lack of
written consent; retention phase below 6 months, broken or
damaged retainers and retainers with broken bonding pads,
as well as the use of another treatment or retainer protocol.

Fig. 1 Six-point fixed lingual retainers: a flexible spiral wire 0.0175 inch stainless steel twistflex wire, b 0.014× 0.014 inch computer-aided
design/computer-aided manufacturing (CAD/CAM)-fabricated nitinol wire
Abb. 1 Festsitzende Lingualretainer: a Twist-Flex-Retainer, gefertigt aus einem runden verseilten Stahldraht (0,0175 ”), bCAD/CAM(„computer-aided
design/computer-aided manufacturing“)-gefertigter Retainer aus einem Vierkant-Nitinol-Draht (0,014× 0,014 ”)

Sixty one patients aged 22 to 56 years met the inclusion
criteria. They were assigned to two groups: group 1 (n= 31)
treated with twistflex retainers served as control and group 2
(n= 30) used the novel CAD/CAM electropolished nitinol
retainers. No incentives were offered.

Clinical examinations and oral health parameters

Examinations were conducted using a dental light, mirror
and a pressure-calibrated periodontal probe (Dentsply Ash
Instruments, UK). No radiographs were taken. All measure-
ments were rechecked for accuracy.

The following oral health parameters were recorded:

1. Plaque index (PI), as developed by Löe [28] and de-
scribed by Pandis et al. [29]. Plaque accumulation was
scored on the mesial, distal, buccal and lingual surfaces
for each mandibular incisor and canine and categorised
(0: absence of plaque, 1: plaque on the probe, 2: visible
plaque, 3: abundant plaque). The results of the PI were
averaged for each tooth and a mean value was estimated
resulting in three categories: 0.1–1: slight plaque ac-
cumulation; 1.1–2: moderate plaque accumulation and
2.1–3: severe plaque accumulation.

2. Gingival index (GI), as developed by Löe [28] and de-
scribed by Al-Nimri et al. [14]: Gingival inflammation
was scored on the mesial, distal, buccal and lingual sur-
faces for each mandibular incisor and canine and cate-
gorised (0: absence of inflammation, 1: mild inflamma-
tion (slight change in colour and texture, no bleeding
on probing), 2: moderate inflammation (glazing, redness,
oedema, hypertrophy, bleeding on probing), 3: severe in-
flammation (marked redness, hypertrophy, tendency to-
ward spontaneous bleeding)). The results of the GI were
averaged for each tooth and a mean value was estimated
resulting in three categories: 0.1–1: mild inflammation;
1.1–2: moderate inflammation and 2.1–3: severe inflam-
mation of the gingiva.
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3. Bleeding on probing (BOP), was scored according to
Ainamo and Bay [30] with a pressure-calibrated probe
(Dentsply Ash Instruments, UK) on six sides of each
mandibular incisor and canine (mesio-lingual, mesio-
buccal, lingual, buccal, disto-lingual, disto-buccal) and
categorised in Code 1, if bleeding occurred and Code 0,
in the absence of bleeding.

4. Probing depth (PD) was measured in millimetres with
a pressure-calibrated probe (Dentsply Ash Instruments,
UK) on six sides of each mandibular incisor and canine
(mesio-lingual, mesio-buccal, lingual, buccal, disto-lin-
gual, disto-buccal) as distance from the gingival margin
to the most apical part of the sulcus. The results of the
PD were averaged for each tooth and a mean value was
estimated.

5. Marginal recessions (MR) were measured in millimetres
on two sides of each mandibular incisor and canine (lin-
gual, buccal) using a periodontal probe as distance from
the dental-enamel junction to the gingival margin. The re-
sults of the MR were averaged for each tooth and a mean
value was estimated.

Patients were examined by one orthodontist who had re-
ceived special calibration training following WHO guide-
lines [31]. The examiner first practiced the examination on
a group of 10 subjects. Afterwards, the orthodontist exam-
ined a group of 20 preselected subjects to assess the consis-
tency. All measurements were rechecked for accuracy. The
intraclass correlation coefficients for intraobserver agree-
ment regarding the measurements of PI, GI, BOP, PD and
MR were 0.83–0.89.

In vitro biofilm formation

An in vitro approach was used to determine the possible re-
tainer material-dependent differences in biofilm formation.
For this purpose, 10 samples of each of a twistflex, an un-
treated nitinol and an electropolished nitinol wire (length
1.5cm) were incubated in 1ml of human saliva at 37°C for

Fig. 2 Individual removable
maxillary appliance with inte-
grated samples of a twistflex,
an untreated nitinol and an elec-
tropolished nitinol wire (length
1.8cm, two of each per subject)
Abb. 2 Individualisierte her-
ausnehmbare Oberkieferappara-
tur mit integrierten Proben von
Twist-Flex-, unbehandelten und
elektropolierten Nitinol-Drähten
(Länge je 1,8cm, je 2 Drähte
jeder Sorte)

24h. Afterwards, each sample was transferred under ster-
ile conditions into test tubes containing 5ml broth (Brain
Heart Infusion, Oxoid Ltd., UK) and further incubated at
37°C in a shaking water bath to simulate the oral environ-
ment. Brain Heart Infusion Nutrient Broth (BHI) was used
as negative control.

After 0h (T0), 1h (T1), 2h (T2), 3 (T3), 4 (T4), 5 (T5),
6 (T6), 7 (T7), 8 (T8), 10 (T9) and 24h (T10) the opti-
cal density (OD) was measured in a photometer (Biowave
WPA CO8000, Biochrom, UK) at a wavelength of 600nm.
The results of the OD were averaged for each measurement
time and each sample and mean values were estimated. The
determination of the OD allowed an evaluation of the ma-
terial-dependent biofilm formation. More biofilm formation
was associated with a higher density.

Analysis of biofilm formation after intraoral
incubation

For the last part of the study nine subjects were selected
from a larger pool of patients treated at the Department of
Orthodontics at University Aachen in Germany, using the
following inclusion criteria: provision of written consent, at
the present time no dental treatment need and performance
of good oral hygiene.

For the analysis of the retainer-dependent intraoral
biofilm formation individual removable maxillary appli-
ances with integrated samples of a twistflex, an untreated
nitinol and an electropolished nitinol wire (length 1.8cm,
two of each per subject, 54 samples in total) were produced
(Fig. 2). Participants were instructed to wear the appliances
for a period of 24h without the performance of any oral
hygiene measure.

Subsequently, the test wires were removed, applied to
BHI agar plates (Brain Heart Infusion Agar, Oxoid Ltd.,
UK) and incubated at 37°C. After 0h (T0), 2h (T1), 4 (T2),
6 (T3), 8 (T4), 10 (T5), 12 (T6), 16 (T7) and 24h (T8) digi-
tal photos (Nikon, model D5200, Japan) with a constant fo-
cus-object distance of 40cm were taken. Image procession
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Fig. 3 Oral health parameters a plaque index (PI) and gingival index (GI), b bleeding on probing index (BOP), c probing depth (PD) and marginal
recession (MR) of the twistflex retainer group (1) and CAD/CAM nitinol retainer group (2). *** p� 0.001; * p� 0.05
Abb. 3 Mundgesundheitsbezogene Parameter a Plaque- (PI) und Gingivaindex (GI), b Blutung auf Sondierung (BOP), c Sondierungstiefe (PD)
und Rezessionen (MR) der Twist-Flex- (1) und der CAD/CAM-Nitinol-Gruppe (2). Statistische Signifikanzen markiert *** p� 0,001; * p� 0,05

was conducted using the software Photoshop 7.0 (Adobe
Inc., San Jose, CA, USA).

For the digital evaluation of biofilm formation each indi-
vidual wire sample was digitally cut out of the image area to
a uniform size of 4.00cm× 2.00cm and a histomorphome-
tric analysis of the bacterial colonised areas along the ma-
terial samples was assessed with the microscope software
AxioVision Release 4.8.2 (Zeiss, Germany). Based on the
pixel-brightness ratio bacterial colonization was visualised
with a red colour for assessment of bacterial amount in
percent.

Statistical analysis

Data was statistically analysed in GraphPad Prism 7 (San
Diego, CA, USA). Comparisons of the different variables
between the groups were conducted using the unpaired
t-test (Figs. 3 and 5) and 2-way analysis of variance
(ANOVA; Fig. 4). A p-value �0.05 was used to indicate
statistically significant differences.

Results

Clinical examinations and oral health parameters

For the first part of the study a total of 61 patients aged
22 to 56 years with an average retainer wearing time of
7.2± 0.8 months were assigned to two groups: 31 sub-
jects in group 1 (twistflex retainer) and 30 in group 2
(CAD/CAM nitinol retainer). Fig. 3 illustrates the results
regarding the oral health parameters plaque index (PI),
gingival index (GI), bleeding on probing (BOP), probing
depth (PD) and marginal recession (MR). Group 1 showed
higher values compared to group 2 regarding mean PI
(1.29± 0.06. versus 0.94± 0.06), mean GI (0.71± 0.05 ver-

sus 0.56± 0.04), mean BOP (0.11± 0.01 versus 0.08± 0.01)
and mean PD (1.79± 0.03mm versus 1.59± 0.04mm).
These differences were statistically significant (p� 0.05).
The difference between the two groups regarding mean MR
was not statistically significant (MR 0.08± 0.03mm versus
0.08± 0.02mm; p> 0.05).

In vitro biofilm formation

To determine the possible retainer material-dependent dif-
ferences in biofilm formation the optical density (OD) of
a total of 30 samples of each of a twistflex, an untreated niti-
nol and an electropolished nitinol wire was assessed. Fig. 4
presents a comparison of the OD between all three groups at
all measuring times (T0–T10). With increasing measuring
time a higher bacterial growth could be investigated in all
groups. Statistically significant differences were observed
at the time point T8 between twistflex and untreated as
well as untreated and electropolished nitinol wire samples
in favour of the electropolished wire. Due to the bacterial
growths there were no significant differences regarding OD
in the first days of observation. After day 8 bacteria entered
the stationary phase that is why no significant differences
were detected either.

Analysis of biofilm formation after intraoral
incubation

For the determination of the retainer-dependent intraoral
biofilm formation a total of 54 samples of a twistflex, an
untreated nitinol and an electropolished nitinol wire were
examined. Fig. 5 presents the histomorphometric analysis
of the biofilm area of all wire samples. With increasing
measuring time a higher biofilm formation could be in-
vestigated in all groups, with a statistically significant in-
crease in the twistflex group after 24h (T8). The differ-
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Fig. 4 Optical density of a twistflex, an untreated nitinol and an elec-
tropolished nitinol wire after 0h (T0), 1h (T1), 2h (T2), 3 (T3), 4 (T4),
5 (T5), 6 (T6), 7 (T7), 8 (T8), 10 (T9) and 24h (T10). Statistically sig-
nificant differences are marked with * twistflex versus untreated niti-
nol, # untreated nitinol versus electropolished nitinol. p� 0.05
Abb. 4 Optische Dichte (OD) gemessen an Proben eines Twist-Flex-,
eines unbehandelten und eines elektropolierten Nitinol-Drahtes nach
0h (T0), 1h (T1), 2h (T2), 3h (T3), 4h (T4), 5h (T5), 6h (T6), 7h (T7),
8h (T8), 10h (T9) and 24h (T10). Statistische Signifikanzen markiert
mit * Twist-Flex- vs. unbehandelter Nitinol-Draht, # unbehandelter vs.
elektropolierter Nitinol-Draht, p� 0,05

ences regarding bacterial colonization between the twist-
flex group and the untreated and electropolished nitinol
wire group at time point T8 were statistically significant
(twistflex 5.92± 3.93%; untreated nitinol 3.20± 2.07% and
electropolished nitinol 3.07± 1.76%; p� 0.05) in favour of
the electropolished wire.

Discussion

This study evaluated the impact of a novel computer-fab-
ricated lingual nitinol retainer compared to a conventional
lingual flexible spiral wire on oral health. Patients treated
with nitinol retainers had significant better oral health in-
dices (plaque index, gingival index, bleeding on probing,
probing depth) except for marginal recession compared to
twistflex retainers. In addition, the twistflex retainer results
revealed that there were material-dependent differences re-
garding the amount of biofilm formation. After 24h intrao-
ral incubation nitinol retainers demonstrated significant less
biofilm formation compared to twistflex retainers. In the in
vitro investigation the temporary significant differences be-
tween the groups were compensated in the end, indicating
that in vitro results cannot be transferred in full to in vivo
outcomes. Although a tendency to an increased bacterial

Fig. 5 Histomorphometric analysis of biofilm formation of a twistflex,
an untreated nitinol and an electropolished nitinol wire after 0h (T0),
2h (T1), 4 (T2), 6 (T3), 8 (T4), 10 (T5), 12 (T6), 16 (T7) and 24h (T8).
Statistically significant differences are marked with * twistflex versus
untreated nitinol, ÷ twistflex versus electropolished nitinol. p� 0.05
Abb. 5 Histomorphometrische Analyse der Biofilmformation auf Pro-
ben eines Twist-Flex-, eines unbehandelten und eines elektropolierten
Nitinol-Drahtes nach 0h (T0), 2h (T1), 4 (T2), 6 (T3), 8 (T4), 10 (T5),
12 (T6), 16 (T7) und 24h (T8). Statistische Signifikanzen markiert
mit * Twist-Flex- vs. unbehandelter Nitinol-Draht, ÷ Twist-Flex- vs.
elektropolierter Nitinol-Draht, p� 0.05

adhesion and growth on the retainer material was foresee-
able.

Fixed lingual retainers are associated with increased
plaque accumulation, gingival inflammatory signs and gin-
gival recession, even though the quality of evidence is
low with partly contradictory studies [1, 13, 16, 18, 19,
29, 32–34]. In the present study all patients treated with
lingual retainers showed impairments of their oral health
parameters—though less in the nitinol retainer group than
in the twistflex group. Clinical parameters were increased
indicating that retainers can cause gingival inflammation.
Probing depth increase and bleeding tendency are signs
of tissue irritation and are associated with the develop-
ment of periodontal disease and attachment loss [35–37].
In case of gingival recessions, only a very low incidence
and amount could be detected in the present study with no
significant differences between the groups. The develop-
ment of marginal recessions is a multifactorial process that
can occur during and after orthodontic treatment [29, 38].
Gingival biotype, plaque accumulation, inflammatory signs
and orthodontic treatment and retention time can be predis-
posing factors [29, 39]. The present study included patients
wearing fixed lingual retainers for at least 6 months, maybe
the retention period was too short to cause gingival re-
cessions. All things considered, the in vivo results clearly
indicated that patients wearing CAD/CAM nitinol retainers
had significant lower plaque, gingiva and inflammatory
indices and showed less biofilm formation than patients
with twistflex retainers. Although the measured differences
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were small they were of significant amount. The values
are comparable to a recent review analyzing the effects of
fixed appliances on periodontal health [40]. The clinical
relevance of these differences needs to be addressed in
further studies.

For the differences between the groups several factors
can be responsible, for instance the influence of material
characteristics, surface properties, attachment and wire
stranding [14, 17, 18, 41, 42]. The present study suggests
that multistranded wires promote biofilm formation and
confirms the results of another study [14]. Smooth and
polished surfaces seem to complicate the bacterial adhe-
sion process [18, 42]. In our study electropolished nitinol
retainers showed less biofilm formation compared to the
flexible spiral wire stainless steel twistflex retainer in both
in vivo investigations. It can be assumed that the material
and design of the CAD/CAM fabricated nitinol retainer
were responsible for the differences.

Nitinol is a nickel-titanium alloy, which includes the ad-
vantages of the material titanium regarding formation of
a stable passive layer, absence of corrosion and no poten-
tially toxic and allergenic stimuli [43–45]. The 3Dmodeling
software during the manufacturing process allows a high
precision and positioning accuracy of the lingual retainer
with less plaque retention sites [27]. Electropolishing, a sur-
face refinement, results in an additional improvement of the
material properties [46]. Highly polished surfaces and cus-
tom-made bonding pads are recommended to avoid plaque
and calculus accumulation [10, 18, 47].

To our knowledge, this was the first study investigating
the impact of a nitinol-made CAD/CAM developed lin-
gual retainer on oral health. The study results were based
on a retrospective case-control study, an in vitro investiga-
tion of material-dependent biofilm formation and an anal-
ysis of biofilm formation after intraoral incubation. All pa-
tients treated with lingual retainers showed impairments of
their oral health parameters—though less in the nitinol re-
tainer group than in the twistflex group. Patients wearing
CAD/CAM nitinol retainers had significant lower plaque
and gingiva indices than patients with twistflex retainers.
In addition, the results revealed that there were material-
dependent differences regarding the amount of biofilm for-
mation. Despite complexity of the study the findings of this
investigation should be interpreted with caution. Outcomes
are based on patients wearing fixed lingual retainers for
at least 6 months due to the recent development of this
CAD/CAM nitinol retainer and can be regarded as short-
term retention findings.

Since the study was designed as a retrospective con-
trolled clinical study with pilot character, no sample size
calculation was performed. Nevertheless, the results of this
study can serve as a basis for further prospective research
in order to enable reliable assessments about the impact of

fixed lingual retainers on oral health of patients with long-
term retention.

Conclusion

This study evaluated the impact of a novel computer-fab-
ricated lingual nitinol retainer compared to a conventional
lingual flexible spiral wire twistflex retainer on oral health.
Based on the results it can be assumed that nitinol-made
CAD/CAM developed lingual retainers have a positive ef-
fect on oral health. Further clinical studies are needed to
assess the long-term effects of lingual nitinol retainers and
for generalizability of the study results.
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