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Summary

Aim: To assess the long-term success of maxillary fixed retainers, investigate their effect on gingival
health, and analyse the survival rate after a mean period of 7 years (minimum 5 years) in retention.
Subjects and Methods: Forty one subjects were included in the study A clinical examination of
the upper canine to canine region including gingival index (Gl), plaque index, probing depth, and
bleeding on probing (BOP) was performed. Intraoral photographs and dental impressions were
taken and irregularity index was determined and compared to the values of the immediate post-
therapeutic values; failures of retainers were also recorded and analysed.

Results: The mean observed retention time was 7 years and 5 months. Irregularity index: Changes
occurring during retention were statistically different between the lateral incisors bonded to
retainers and the canines not bonded to retainers. Only six patients showed changes in irregularity
index of the lateral incisors in spite of a retainer in place. Periodontal health: The median value of
the Gl for all teeth bonded to upper retainers was 1.10 and the median value of the plaque index (PI)
was 1.14. Pl was not a significant predictor of Gl. The overall BOP of the bonded teeth to the retainer
for each participant was 22.3 per cent. Failure rate: Twenty-eight out of 41 patients experienced no
failure of the upper bonded retainer (68.3 per cent). Detachments were the most frequent incidents.
Conclusion: Although plaque accumulation might be increased in patients with already poor oral
hygiene, maxillary bonded retainers caused no significant negative effects on the periodontal health.

Introduction The appliances used for retention are either removable or fixed
retainers. Since the performance of removable appliances depends on
patient compliance, fixed retainers were introduced to provide a reli-
able and successful means to minimize relapse tendency. Apart from
variations in size and wire types, the multistranded bonded lingual

Anterior teeth alignment following orthodontic therapy represents
one of the treatment outcomes, which are susceptible to change (1).
Ten years after orthodontic treatment dissatisfactory alignment of
anterior teeth can be found in 40-90 per cent of orthodontic patients

(2) and according to Little et al. (3), only 10 per cent of all cases retainer introduced by Zachrisson (4) constitutes one of the standard

types of retainer configuration utilized.

The current literature lists a wide range of studies investigating
the effects of lingually bonded fixed canine-to-canine retainers on
oral health. Thus, fixed retainers have been examined after 3 years

have clinically acceptable mandibular alignment up to 20 years post-
retention. Retention is therefore essential in order to maintain align-
ment of anterior teeth after orthodontic treatment.
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of service (5), or following a minimum of 9 years (6) and even after
a minimum of 20 years (7). These studies have shown that long-term
retention of mandibular incisors with a fixed retainer had no nega-
tive effects on teeth or periodontal health.

Previous studies have also shown that the main benefit of bonded
retainers is the prevention of relapse and that they are a reliable form
of retention (5,8-10). The foregoing analysis is only valid when the
retainers themselves exert no active forces, and therefore a reliable
technique for fixed retainer manufacturing and bonding is essential
to achieve passivity of the wire and to prevent undesirable side-effects
(11-12) The overall spatial parameters in the maxilla are different
compared with the mandibular retainers because of less saliva wet-
ting in the former as well as less rigidity because of a longer wire
span in the maxillary arch. Since maxillary retainers are bonded to
each tooth, they may have a different effect on periodontal health
due to complex cleaning requirements. In addition to that, the greater
amount of bonding interfaces may expose them to more failures
than mandibular retainers. This could be exaggerated by the occlusal
forces they are subjected to during mastication. Only few studies
(12-14) have evaluated the possible failures and the effect on peri-
odontal health of fixed retainers in the maxillary arch (15). As a result
of their different clinical set-up data from previous studies referring
to mandibular retainers cannot be transferred to maxillary retainers.

Therefore, the aims of this retrospective study were to assess the
long-term success of upper bonded retainers to counteract relapse,
to investigate their effect on gingival health and analyse the survival
rate after a minimum of 5 years in retention.

Subjects and methods

The investigation was based on a selection of 50 consecutive patients
called up for routine annual examination following orthodontic
therapy at the Department of Orthodontics and Paediatric Dentistry
of theUniversity of Zurich. Inclusion criteria were: at least 5 years
in retention with a fixed bonded retainer in the maxilla; orthodon-
tic treatment performed at the Department; complete orthodontic
records available; participants’ age between 20 and 30 years of age.

The assessed retainers were fabricated of a stainless steel alloy
with the dimensions of 0.016 x0.016 inches (Figure 1).

The study protocol was submitted to the local Ethics Committee
and permission for conducting the procedures was received.
Informed consent was obtained from all participants and all exami-
nations of the participants were performed by the same investigator,

Figure 1. Clinical appearance of a representative retainer assessed in the
present study.

consisting of dental impressions to obtain plaster casts and a clini-
cal periodontal examination of the upper canine to canine region at
least 5 years into retention.

The following variables were assessed:

1. On the dental casts, the irregularity index (16) for incisors and
canines was determined (t,) and compared to the values of the
immediate post-therapeutic casts taken at debonding (t,).

2. Plaque Index (PI) (17) on the buccal and palatinal surfaces was
evaluated using a disclosing agent (paro plak®, Profimed AG,
Kilchberg, Switzerland) and plaque accumulation was catego-
rized with the following scale:

0: no plaque detectable

1: small plaque formation

2: band-like deposits of plaque (without covering the interdental
space)

3: visible deposits, covering also the interdental space

Mean values for all six maxillary teeth (canines and front teeth) were
calculated for each subject.

3. Gingival index (GI) (18) was estimated for each tooth on the buc-
cal and palatinal surface according to the following scale:

0: normal gingival

1: small inflammation with a slight discoloration, little edema, no
bleeding on palpation

2: moderate inflammation with redness, edema and bleeding on
probing (BOP)

3: severe inflammation with pronounced redness and edema, ulcer-
ations and tendency to spontaneous bleeding

The mean value of all surfaces was calculated and the grade of gin-
gival inflammation was defined as followed:

0,1-1: mild gingival inflammation
1,1-2: moderate gingival inflammation
2,1-3: severe gingival inflammation

4. Probing depth (PD), defined as distance from the gingival margin to
the most apical part of the sulcus, was measured at 6 locations for
each tooth (mesio-/mid-/disto-buccal and mesio/mid-/disto-palatal)
with a PP 12DMS Perititan-Probe (Deppeler, Rolle, Switzerland).

5. BOP (19) was measured in conjunction to PD at 6 locations for each
tooth and noted either positive (bleeding) or negative (no bleeding).

6. The clinical records of each participant were studied in regard
to the retention period and searched for incidents such as loose
retainers, wire fractures or even total loss of the retainer.

Statistics

Out of the initial 50 consecutive follow-up patients who were will-
ing to participate, 9 patients had to be excluded, since they did not
match the inclusion criteria (e.g., younger or older in age or incom-
plete records). Thus, the statistical evaluation was performed on
41 participants (25 females, 16 males) with fixed retainers in the
maxilla. In regard to changes in the irregularity index, each patient
served as own control group, and the lateral incisors (bonded to
retainers) were compared to the canines (without retention). Three
patients had to be excluded from this investigation, because their
retainers were bonded to the canines, too. Descriptive analysis was
performed on all obtained values and the assumption of normality
was investigated with the Kolmogorov-Smirnov test.
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A Mann-Whitney U-test was applied to the differences in
irregularity index between the retained lateral incisors and the un-
retained canines. Median values of PI and GI within each participant
were calculated, the Pearson correlation coefficient was performed
to evaluate a possible correlation between PI and GI, and median
regression was applied to investigate if PI is a significant predictor
of GI. PD and BOP were recorded and averaged for all teeth bonded
to the retainer. Incidents of failures, their timing and causes were
described and the survival rate of the retainers was investigated; the
statistical significance was set at 0.05.

Results

The mean observed retention time between t; (end of active treat-
ment/begin of retention) and t, (at least 5 years in retention) was
7 years and 5 months (median: 7 years and 3 months; min.: § years
and 2 months; max.: 11 years and 7 months).

Irregularity index

The descriptive values for the irregularity index at debond (t,), in
retention (t,) and for the differences that occurred during retention
(t,-t,) are presented in Table 1 and Figure 2. The Kolmogorov—
Smirnov test demonstrated that these values did not follow nor-
mal distribution. Mann-Whitney U-test indicated that the changes
occurring during retention was statistically highly different between

Table 1. Irregularity index (mm) of lateral incisors bonded to re-
tainer and canines not bonded to retainer.

Irregularity index Mean =1 SD Min Max
Lateral incisors (1 = 38)
At debond (t,) 0.27 0.30 0.00 1.20
In retention (t,) 0.27 0.41 0.00 2.40
Difference (t—t,) 0.00 0.25 -0.90 1.20
Canines (7 = 38)
At debond (t,) 0.49 0.39 0.00 2.00
In retention(t,) 0.94 0.63 0.00 2.60
Difference (t—t,) 0.45 0.51 -0.60 2.00
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Figure 2. Box-and-whisker plot for changes in irregularity index from debond
(t,) up to at least 5 years into retention (t,) for laterals boned to retainers and
canines not bonded to retainers (n = 38).

the lateral incisors bonded to retainers and the canines not bonded
to retainers (P < 0.001). Only six patients showed changes in irregu-
larity index of the lateral incisors in spite of a retainer in place, but
33 out of 38 patients had an unfavourable change in irregularity of
the un-retained canines.

Periodontal health
At least 5 years into retention (t,), the median value of the GI for all
teeth bonded to upper retainers was 1.10 (IQR: =0.13; min.: 0.30;
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Figure 3. Box-and-whisker plot for plaque index and gingival index of all
cases at least 5 years in retention (n = 41).
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Figure 4. Distribution of cases (n = 41): gingival Index value plotted against
plaque index value. Blue line corresponds to the fitted values.

Table 2. Median regression to investigate if plaque index is a sig-
nificant predictor of gingival index.

Gingival 95% confidence
index Coeff. SE t P>t interval

Plaque 0.029 0.052 0.56 0.580 -0.077 0.136
index

Const. 1.086 0.066 16.31 0.000 0.952 1.22
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max.: 1.63) and of the PI was 1.14 (IQR: +0.80; min.: 0.25; max.:
2.83; Figure 3).

A possible association between PI and GI was investigated and
for every subject, PI was plotted against GI (Figure 4). Kolmogorov—
Smirnov test demonstrated no statistical difference to normality (PI:
0.61; GI: 0.20). Pearson correlation coefficient of PI and GI was low
(r = 0.16) and PI was not a significant predictor of GI (b = 0.03, 95
per cent confidence interval:-0.08, 0.14, P = 0.58; Table 2).

Forty six per cent of the patients had at least one periodontal site
with a PD of more than 3mm, but the overall BOP of the bonded
teeth to the retainer for each participant was 22.3 per cent (median:
19.0 per cent; min.: 6.0 per cent; max: 61.0 per cent).

Failure rate

Total number of incidents, their time of occurrence after debonding
and the nature of the incident are given in Table 3. Twenty-eight out

of 41 patients experienced no failure of the upper bonded retainer
(68.3 per cent). Seven patients had 1 failure, 4 patients 2 failures, and
2 patients even experienced 3 retainer failures. Of all incidents (20),
detachments were the most frequent type with 18 occurrences (85.7
per cent). Disregarding detachments and considering only serious
failures, results in 38 patients (92.8 per cent) showing no evidence of
retainer failure. The Kaplan-Meier survival estimate of all observed
retainers is given in Figure 5.

Discussion

Irregularity index

Without any retention, a high relapse especially in the alignment
of the mandibular arch can be anticipated after orthodontic treat-
ment (3,21-27). This relapse can also be awaited for in the maxil-
lary anterior region if no retention is conducted. Quaglio ez al. (28)

Table 3. Incidents to retainer: number of incidents, time of occurrence, and nature of incident.

Total Time of incident

Patient incidents No.1 (months)

Time of incident
No.2 (months)

Time of incident

No.3 (months) Nature of incident

22
27 49
33 51

(I e N NS SR

10 12

95

32 58

86

60

75 123

40

o
[
O R, OO OO OO DODWODOODOORPR OO R, ONRE P OWODODODODODODONNNFEINOOORRO

Fracture

Detachment (2x)

Detachment

Detachment (2x)

Loss due to accident/detachment

22 Detachment (3x)

Detachment
Detachment
Detachment (2x)

Detachment

Detachment

127 Total loss/detachment (2x)

Detachment
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Figure 5. Kaplan-Meier survival estimate demonstrating the failure rate of
the 41 observed retainers. Incidents listed inTable 3 were considered failures
of survival, even though most of them consisted of detachments and were
re-bonded.

demonstrated that stability of anterior alignment after treatment and
with no retention was high over the long term, but there was a high
tendency of relapse to the original position of the tooth. Our findings
demonstrated that, with the maxillary retainer in place, change in
irregularity index within the incisors was low with only six patients
having a change in irregularity index. Since the fixed retention did not
include the canines, this was the region most susceptible to changes
and actually served as a control to identify potential anterior dental
arch changes outside of retainer viscinity; in fact, changes in the irreg-
ularity index at the canine region were noted in 33 out of 38 patients
(87 per cent; Figure 6). Previous studies concluded that the mandibu-
lar lingual flexible coaxial wire retainer bonded on all anterior teeth
is more effective in maintaining the alignment than the thick man-
dibular lingual retainer bonded only on the canines (29-32).

Periodontal health
Previous studies have revealed that fixed retainers could have a nega-
tive effect on periodontal health due to increased plaque retention
and BOP (15). Compared with removable retainers, bonded fixed
retainers have been shown to increase plaque and calculus accu-
mulation but a similar limited gingival inflammation was found in
the presence of both types of retainers (16). Therefore the increased
plaque accumulation does not seem to have detrimental effects on
the integrity of the dental hard tissues adjacent to the wire (33).
Since the GI defines the grade of inflammation and since plaque
is the main reason for gingivitis, we expected a correlation between
PI and GI. Median value of the GI was 1.10, corresponding to a
mild inflammation. The median value of the PI for all teeth bonded
to upper retainers was 1.14. Both values can be compared to the
findings of Lang and Engelmayer who examined Swiss soldiers age
28-32 years where mean PI was 1.38 and mean GI was 1.11 (34). In
a more recent study, a total of 626 Swiss Army recruits were exam-
ined and PI, GI and PD were assessed. The mean PI and GI were 1.33
and 1.23, a value slightly higher than the one reported in this study
(34). Overall, there was no association between PI and GI in the
patients followed in this study. The use of historial data as opposed
to baseline data for the patients included in the study derives from
the potential inappropriateness of comparing periodontal indices of
patients at an adolescent age (at t)) with ages well into adulthood
(t,). Thus, apart from practicality reasons relating to following the
periodontal health indices of patients 5-1 years post debonding, the
onset of habbits such as smoking, could influence the periodontal

Figure 6. Clinical appearance of a maxillary lingual fixed retainer (A) at
debonding, and (B) 2 years 2 months into retention of same patient. Note the
arch alteration occuring in the area of canines.

health more than the variable examined in the study (retainer).
Similar practices have been followed in other long-term monitoring
studies of retainers (6).

Overall BOP of the teeth bonded to the retainer for each par-
ticipant was 22.3 per cent. This corresponds to values of previous
studies assessing the prevalence of gingival bleeding in adults with
no fixed retention where median BOP was 22.5 per cent (35-37).
Compared to these values, BOP in patients followed in this study
was fairly low. Additionally, 46 per cent of the patients had at least
one periodontal site with a PD of more than 3mm. Increased PD
was also found when comparing mandibular anterior teeth in a long-
term retention group (mean period of 9.65 years) with a short-term
retention group (period of 3-6 months) (6).

Failure rate

Bond failures of the lower retainer are estimated to range between
6 and 22.9 per cent (12,37,14). Most studies had a shorter observa-
tion period and therefore a reduced amount of failures were prone
to occur within the defined retention time. Lumsden et al. (13) sug-
gested that maxillary retainers do break more often than lower
retainers. Moreover, in the present study, the maxillary retainers
were bonded by postgraduate students and the operator experience
might have been affected the overall rate of failure (14). The nature
of incidents included fractures, detachments and loss due to acci-
dent. The interpretation of Kaplan-Meier-Diagram implies that the
risk of failures might be higher during the first 3 years of retention.
Nevertheless, even after a long retention period of 127 months, fail-
ures may also occur.

The configuration and type of wires selected for the fabrica-
tion of fixed retainers might have an effect on failure rate. Bonding
failures within wires bonded on all teeth might lead to increased
irregularity more often than with stainless steel wires attached
only to the canines. Renkema et al. (30) stated that this might be
due to the time lapse between the actual and reported failures in
canine-to-canine fixed retention because bonding failures are often
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unnoticed whereas with the bar retainer bonded only on the canines

the patient immediately senses detachments. Other disadvantages

associated with fixed retention are attributed to the potential for

tooth movement due to lack of passivity of the wire or distortion
within the flexible wires (11). Unexpected complications occur
while using flexible spiral wires such as torque differences between
adjacent teeth or increased buccal inclination and movement of

canines (10).

Conclusions

Maxillary bonded fixed retainers seem to cause no significant
negative effects on the periodontal health despite a slight increase
in plaque accumulation.

Maxillary bonded retainers have fairly high survival rates.

References

1.

10.

1

—_

12.

13.

14.

15.

16.

Lyotard, N., Hans, M., Nelson, S. and Valiathan, M. (2010) Short-term
postorthodontic changes in the absence of retention. Angle Orthodontist,
80, 1045-1050.

Thilander, B. (2000) Orthodontic relapse versus natural development.
American Journal of Orthodontics and Dentofacial Orthopedics, 117,
562-563.

Little, R.M., Riedel, R.A. and Artun, J. (1988) An evaluation of changes in
mandibular anterior alignment from 10 to 20 years postretention. Ameri-
can Journal of Orthodontics and Dentofacial Orthopedics, 93, 423-428.
Zachrisson, B.U. (1983) The bonded lingual retainer and multiple spacing
of anterior teeth. Journal of Clinical Orthodontics, 17, 838-844.

Artun, J. and Zachrisson, B. (1982) Improving the handling properties of
a composite resin for direct bonding. American Journal of Orthodontics,
81,269-276.

Pandis, N., Vlahopoulos, K., Madianos, P. and Eliades, T. (2007) Long-
term periodontal status of patients with mandibular lingual fixed reten-
tion. European Journal of Orthodontics, 29, 471-476.

Booth, FA., Edelman, J.M. and Proffit W.R. (2008) Twenty-year follow-up
of patients with permanently bonded mandibular canine-to-canine retain-
ers. American Journal of Orthodontics and Dentofacial Orthopedics, 133,
70-76.

Bearn, D.R., McCabe, J.F., Gordon, P.H. and Aird, J.C. (1997) Bonded
orthodontic retainers: the wire-composite interface. American Journal of
Orthodontics and Dentofacial Orthopedics, 111, 67-74.

Segner, D. and Heinrici, B. (2000) Bonded retainers—clinical reliability.
Journal of Orofacial Orthopedics, 61, 352-358.

Katsaros, C., Livas, C. and Renkema, A.M. (2007) Unexpected complica-
tions of bonded mandibular lingual retainers. American Journal of Ortho-
dontics and Dentofacial Orthopedics, 132, 838-841.

. Sifakakis, I., Pandis, N., Eliades, T., Makou, M., Katsaros, C. and

Bourauel, C. (2011) In-vitro assessment of the forces generated by lingual
fixed retainers. American Journal of Orthodontics and Dentofacial Ortho-
pedics, 139, 44-48.

Dabhl, E.H. and Zachrisson, B.U. (1991) Long-term experience with direct-
bonded lingual retainers. Journal of Clinical Orthodontics, 25, 619-630.
Lumsden, K.W., Saidler, G. and McColl, J.H. (1999) Breakage incidence
with direct-bonded lingual retainers. British Journal of Orthodontics, 26,
191-194.

Schneider, E. and Ruf, S. (2011) Upper bonded retainers. Angle Orthodon-
tist, 81, 1050-1056.

Levin, L., Samorodnitzky-Naveh, G.R. and Machtei, E.E. (2008) The asso-
ciation of orthodontic treatment and fixed retainers with gingival health.
Journal of Periodontology, 79, 2087-2092.

Little, R.M. (1975) The irregularity index: a quantitative score of mandib-
ular anterior alignment. American Journal of Orthodontics, 68, 554-563.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Silness, J. and Loe, H. (1964) Periodontal disease in pregnancy. II. Correla-
tion between oral hygiene and periodontal condtion. Acta Odontologica
Scandinavica, 22, 121-135.

Loe, H. and Silness, J. (1963) Periodontal disease in pregnancy. I. Preva-
lence and severity. Acta Odontologica Scandinavica, 21, 533-551.
Ainamo, J. and Bay, I. (1975) Problems and proposals for recording gingi-
vitis and plaque. International Dental Journal, 25,229-235.

Sadowsky, C. and Sakols, E.I. (1982) Long-term assessment of orthodontic
relapse. American Journal of Orthodontics, 82,456-463.

Little, R.M., Wallen, T.R. and Riedel, R.A. (1981) Stability and relapse of
mandibular anterior alignment-first premolar extraction cases treated by
traditional edgewise orthodontics. American Journal of Orthodontics, 80,
349-365.

Uhde, M.D., Sadowsky, C. and BeGole, E.A. (1983) Long-term stability of
dental relationships after orthodontic treatment. Angle Orthodontist, 53,
240-252.

Little, R.M. and Riedel, R.A. (1989) Postretention evaluation of stability
and relapse—mandibular arches with generalized spacing. American Jour-
nal of Orthodontics and Dentofacial Orthopedics, 95, 37-41.

Little, R.M., Riedel, R.A. and Stein, A. (1990) Mandibular arch length
increase during the mixed dentition: postretention evaluation of stability
and relapse. American Journal of Orthodontics and Dentofacial Orthope-
dics, 97, 393-404.

Riedel, R.A., Little, R.M. and Bui, T.D. (1992) Mandibular incisor extrac-
tion—postretention evaluation of stability and relapse. Angle Orthodontist,
62,103-116.

Sadowsky, C., Schneider, B.J., BeGole, E.A. and Tahir, E. (1994) Long-term
stability after orthodontic treatment: nonextraction with prolonged reten-
tion. American Journal of Orthodontics and Dentofacial Orthopedics,
106, 243-249.

Al Yami, E.A., Kuijpers-Jagtman, A.M. and van ‘t Hof, M.A. (1999) Sta-
bility of orthodontic treatment outcome: follow-up until 10 years postre-
tention. American Journal of Orthodontics and Dentofacial Orthopedics,
115, 300-304.

Quaglio, C.L., de Freitas, K.M., de Freitas, M.R., Janson, G. and
Henriques, J.F. (2011) Stability and relapse of maxillary anterior
crowding treatment in class I and class II Division 1 malocclusions.
American Journal of Orthodontics and Dentofacial Orthopedics, 139,
768-774.

Stormann, I. and Ehmer, U. (2002) A prospective randomized study of dif-
ferent retainer types. Journal of Orofacial Orthopedics, 63, 42-50.
Renkema, A.M., Sips, E.T., Bronkhorst, E. and Kuijpers-Jagtman, A.M.
(2009) A survey on orthodontic retention procedures in The Netherlands.
European Journal of Orthodontics, 31,432-437.

Al-Nimri, K., Al Habashneh, R. and Obeidat, M. (2009) Gingival health
and relapse tendency: a prospective study of two types of lower fixed
retainers. Australian Orthodontic Journal, 25, 142-146.

Gorelick, L., Geiger, A.M. and Gwinnett, A.J. (1982) Incidence of white
spot formation after bonding and banding. American Journal of Ortho-
dontics, 81, 93-98.

Lang, N.P. and Engelmayer, H. (1979) Periodontal status in a group of
Swiss soldiers age 28-32 years. Schweizerische Monatsschrift fiir Zahn-
heilkunde, 89, 1095-1102.

Rothlisberger, B., Kuonen, P., Salvi, G.E., Gerber, J., Pjetursson, B.E.,
Attstrom, R., Joss, A. and Lang, N.P. (2007) Periodontal conditions in
Swiss army recruits: a comparative study between the years 1985, 1996
and 2006. Journal of Clinical Periodontology, 34, 860-866.

Albandar, J.M. and Kingman, A. (1999) Gingival recession, gingival bleed-
ing, and dental calculus in adults 30 years of age and older in the United
States, 1988-1994. Journal of Periodontology, 70, 30-43.

Farina, R., Scapoli, C., Carrieri, A., Guarnelli, M.E. and Trombelli, L.
(2011) Prevalence of bleeding on probing: a cohort study in a specialist
periodontal clinic. Quintessence International, 42, 57-68.

Eick, S., Pietkiewicz, M. and Sculean, A. (2013) Oral microbiota in Swiss
adolescents. Clinical Oral Investigations, 17, 79-86.



