
ABSTRACT

Purpose: The aim of this study was to evaluate clinical factors affecting the longevity of fixed 
retainers and the influence of fixed retainers on periodontal health in periodontitis patients.
Methods: In total, 52 patients with at least 2 years of follow-up after periodontal and 
orthodontic treatment were included in this study. After scaling and root planing, 
orthodontic treatment with fixed appliances or clear aligners was performed. Fixed retainers 
with twist-flex stainless steel wires were bonded to the palatal or lingual sides of anterior 
teeth. Changes in clinical parameters, including the plaque index, gingival index, calculus 
index (CI), probing pocket depth, and radiographic bone levels, were evaluated before 
bonding of fixed retainers and at a 12-month follow-up. Cumulative survival rates (CSRs) 
for retainer failure were evaluated according to sex, site, CI, stage of periodontitis, and the 
severity of the irregularity with the log-rank test and hazard ratios (HRs).
Results: Twelve months after bonding of fixed retainers, improvements were observed in all 
clinical parameters except CI and radiographic bone gain. The overall CSR of the retainers 
with a CI <1 at the 12-month follow-up after bonding of fixed retainers was significantly 
higher than that of the retainers with a CI ≥1 at the 12-month follow-up (log-rank test; 
P<0.001). Patients with stage III (grade B or C) periodontitis had a higher multivariate HR for 
retainer failure (5.4; 95% confidence interval, 1.22–23.91; P=0.026) than patients with stage I 
(grade A or B) periodontitis.
Conclusions: Although fixed retainers were bonded in periodontitis patients, periodontal 
health was well maintained if supportive periodontal treatment with repeated oral hygiene 
education was provided. Nonetheless, fixed retainer failure occurred more frequently in 
patients who had stage III (grade B or C) periodontitis or a CI ≥1 at 12-month follow-up after 
bonding of fixed retainers.
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INTRODUCTION

Crowded or malposed teeth sometimes make it difficult for periodontitis patients to perform 
proper oral hygiene. Orthodontic treatment can successfully resolve pathologically migrated 
or malaligned teeth to facilitate proper oral hygiene [1]. However, teeth have a tendency to 
relapse to their initial positions because of tension in the periodontal ligament and supra-
alveolar gingival fibers [2,3]. Unwanted tooth movement after orthodontic treatment can 
also occur as a result of normal age-related changes, and is also possible in patients who 
have not received orthodontic treatment [3]. This deterioration in the alignment of teeth is 
reported to be due to changes in soft tissue pressure and skeletal structure around the teeth 
[3]. Therefore, orthodontic retention is mandatory for maintaining the corrected position of 
teeth following orthodontic treatment and minimizing age-related changes [4]. Retention 
after orthodontic treatment is particularly important in periodontitis patients.

No consensus exists regarding the ideal duration of retention [3,5,6]. However, the first 8 
months post-treatment, when remodeling of the elastic fibers around the neck of the teeth, 
the dento-gingival fibers, and interdental fibers occurs, have been reported to be a critical 
period for orthodontic retention [2,7]. Several types of retainers have been used and a 
flexible multistranded wire bonded to each anterior tooth is currently considered the gold 
standard [8-10]. However, orthodontic retainers installed to maintain the corrected tooth 
position after orthodontic treatment may affect the periodontal tissue. Some authors have 
reported that orthodontic retainers did not cause clinically significant damage to periodontal 
health if proper oral hygiene and professional plaque and calculus removal were provided 
[11,12]. However, a recent systematic review reported that patients with long-term retention 
exhibited higher calculus accumulation, greater gingival recession, and increased probing 
depths [7].

Moreover, the failure of fixed retainers may result in a relapse of orthodontically treated teeth. 
Therefore, it is necessary to elucidate the factors influencing retainer failure. To the authors' 
knowledge, the prolonged effects of fixed retainers on periodontal health and factors 
influencing retainer failure in periodontitis patients have not been adequately addressed. 
Therefore, it is important to clarify the relationship of fixed retainers with periodontal health 
and their influence on oral hygiene in periodontitis patients.

The aim of this study was to evaluate clinical factors affecting the longevity of fixed retainers 
and the influence of fixed retainers on periodontal health in periodontitis patients after 
periodontal and orthodontic treatment.

MATERIALS AND METHODS

Subject sample
In total, 58 patients who underwent periodontal and orthodontic treatment at the 
Department of Periodontology, Hanyang University Medical Center, between March 2005 
and August 2019 were screened for eligibility for this study (Figure 1).

The inclusion criteria were as follows: 1) Patients who were more than 20 years old; 2) 
Patients who had no relevant systemic conditions or diseases; 3) Patients who underwent 
periodontal and orthodontic treatment and had fixed orthodontic retainers in the anterior 
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area; 4) Patients who had more than 1 to 2 mm of interdental clinical attachment loss (≥ 
stage I) [13]; 5) Patients who were compliant with supportive periodontal treatment after 
periodontal and orthodontic treatment.

The exclusion criteria were as follows: 1) Patients who had periodontal and orthodontic 
treatment for prosthodontic treatment in the posterior area; 2) Patients who had an active 
infection or disease affecting bone metabolism and wound healing; 3) Patients with regular 
use of steroids or other medications affecting bone turnover; 4) Patients who were pregnant.

This study was approved by the Institutional Review Board of Hanyang University 
Hospital (No. 2019-10-037). The STrengthening the Reporting of OBservational studies in 
Epidemiology guidelines were observed in the preparation of the manuscript.
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Oral hygiene instruction

Periodontal regenerative surgery (n=7) or not (n=45)

Fixed retainer bonding to upper or lower anterior teeth
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with fixed orthodontic appliances (n=36)
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Periodontal and orthodontic treatment
with clear aligners (n=16)

Exam 2: 12-month follow-up data collection (n=52)
• Clinical parameters (PI, GI, CI, PPD) and radiographic bone levels

Exam 3: Evaluation of the follow-up period when the first breakage
or loosening of fixed retainers occurs

Exam 1: Baseline data collection (n=52)
• Clinical parameters (PI, GI, CI, PPD) and radiographic bone levels

Figure 1. Flow chart of the participants in this study. 
PI: plaque index, GI: gingival index, CI: calculus index, PPD: probing pocket depth.



Periodontal and orthodontic treatment
All periodontal treatment and orthodontic treatment were performed by one periodontist 
(H.J.). After scaling and root planing with repeated oral hygiene education, the patients 
were re-evaluated. If a patient's oral hygiene was not satisfactory (plaque index [PI] >2), oral 
hygiene education with intraoral tooth brushing instructions [14] and supportive periodontal 
treatment were repeated prior to orthodontic treatment. After periodontal treatment with 
or without regenerative surgical procedures, patients underwent orthodontic treatment 
either with fixed appliances or with clear aligners according to the decision-making process 
[15]. From the treatment planning stage, all cases were discussed with orthodontists at 
the Department of Orthodontics with careful consideration given to the patients' primary 
needs. Study casts were created and duplicated for orthodontic analysis and diagnosis. Initial 
records including intraoral photographs and radiographs were collected prior to orthodontic 
treatment (Figure 2A and B).

For periodontal and orthodontic treatment with fixed appliances, brackets were bonded 
from canine to canine in the maxilla or the mandible. For the correction of crowded anterior 
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Figure 2. Maxillary fixed retainer. (A) A clinical photograph before periodontal and orthodontic treatment. (B) A 
periapical radiograph before periodontal and orthodontic treatment shows a vertical bone defect on the mesial 
side of the maxillary right central incisor. (C) After periodontal and orthodontic treatment, a fixed retainer with 
a twist-flex stainless steel wire was bonded to the palatal side of the maxillary anterior teeth. (D) A periapical 
radiograph after periodontal and orthodontic treatment. (E) Breakage of the fixed retainer occurred on the 
maxillary left canine at the 5-year follow-up after bonding of fixed retainers. (F) A periapical radiograph shows 
the detached wire of the fixed retainer.



teeth, progressive interproximal stripping was performed with topical fluoride application to 
prevent proximal caries within the limits of enamel thickness. The first arch wire placed was 
a 0.014 inch Ni-Ti wire for leveling. After preliminary alignment, a series of stiffer wires were 
placed at 3-week intervals. Orthodontic treatment using a clear aligner was performed with 
a series of clear aligners. Patients were asked to wear the clear aligners full-time except while 
eating, drinking, and brushing and to change the clear aligners every 2 weeks. Throughout 
the orthodontic treatment, all patients received professional tooth cleaning with oral hygiene 
education at every visit.

After periodontal and orthodontic treatment, impressions for retainers were taken and 
models for the fabrication of fixed retainers were made. Fixed retainers with 0.0175-inch 
twist-flex stainless steel wire (Tri-flex™, RMO®, Denver, CO, USA) were bonded using 
flowable resin composite (Filtek™ Supreme Ultra Flowable Restorative, 3M™ ESPN™, St. 
Paul, MN, USA) to the palatal or lingual sides of the 6 anterior teeth to prevent relapse. After 
bonding of fixed retainers, all patients were followed up for supportive periodontal therapy 
involving oral hygiene education and tri-monthly visits.

Clinical measurements
Data from patients' clinical records were utilized for clinical evaluation. The following 
clinical parameters before orthodontic treatment (baseline) and at the 12-month follow-
up after bonding of fixed retainers were used for the evaluation of clinical measurements. 
The PI [16] and gingival index (GI) [17] were evaluated at 4 sites (mesiobuccal, midbuccal, 
distobuccal, and lingual); the calculus index (CI) [18] was assessed at 4 sites (mesiobuccal, 
midbuccal, distobuccal, and lingual); and the probing pocket depth (PPD) was measured 
at 6 sites per tooth (mesiobuccal, mid-buccal, distobuccal, mesiolingual, mid-lingual, and 
distolingual) as the distance from the free gingival margin to the base of the probable pocket 
using a periodontal probe (PCP-UNC 15, Hu-Friedy Mfg. Co., Chicago, IL, USA) rounded 
off to the nearest millimeter following probing with a pressure of approximately 0.25 N. 
Patients were classified as having stage I (grade A or B), stage II (grade A or B), stage III 
(grade B or C), and stage IV (grade B or C) periodontitis based on the severity and complexity 
of management (evidence or risk of rapid progression) [13]. The severity of the irregularities 
was classified according to the amount of malalignment [19].

Radiographic measurements
Panoramic and periapical radiographs taken before orthodontic treatment and at the 
12-month follow-up after bonding of fixed retainers were used for radiographic assessments. 
A digital radiography system (CS9300 Select, Carestream Dental LLC., Atlanta, GA, 
USA) was used for radiographic evaluation. Panoramic and periapical radiographs were 
imported into Analysis Toolkit (Adobe Photoshop CS6, Adobe Systems Inc., San Jose, CA, 
USA). Radiographic alveolar crest levels were assessed at the mesial and distal sites using 
baseline and 12-month follow-up periapical radiographs. To standardize the radiographic 
measurements, periapical radiographs taken with XCP-DS FIT® Universal sensor holders 
(Dentsply International Inc., York, PA, USA) were used [20]. One blinded examiner (P.S.) 
measured the distance between the cemento-enamel junction and the most coronal level 
of the alveolar bone for all sets of periapical radiographs twice (Figure 3A). The vertical 
distortion of the periapical radiographs at baseline and 12-month follow-up after bonding 
of fixed retainers was estimated using panoramic radiographs (Figure 3B). Anatomically 
non-variable distances from the cemento-enamel junction to the root apex on panoramic 
views were used for estimating radiographic bone level on periapical radiographs [20]. All 
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the measurements were repeated after an interval of at least 2 weeks. The mean of the 2 
measurements was used as the radiographic bone level value. To test the reproducibility of 
the radiographic measurements, intra-class correlation coefficients (ICCs) were used.

Failure of retainers
Clinical records were used to evaluate retainer failure. The retainer was considered as a 
failure if any of the following was demonstrated: breakage at the wire-composite interface, 
breakage at the adhesive-enamel interface, a stress fracture of the wire, and partial or 
complete loosening of the fixed retainer from the teeth [21-23]. The point during follow-up 
when the first breakage or loosening of the fixed retainer occurred was recorded. The interval 
time between bonding (Figure 2C and D) and retainer failure (Figure 2E and F) was measured 
in months.

Statistical analysis
All statistical analyses were performed using SPSS (version 21, IBM Corp., Armonk, NY, 
USA). Descriptive statistics were performed using mean±standard deviation values for 
quantitative variables. After normality testing using the Shapiro-Wilk test, the differences 
of clinical parameters between baseline and the 12-month follow-up visit after bonding of 
fixed retainers were analyzed using the Wilcoxon signed rank test. The differences of clinical 
parameters and radiographic bone levels according to sex and site were analyzed using 
the Mann-Whitney U test. The cumulative survival rates (CSRs) of the fixed retainers were 
estimated using Kaplan-Meier analysis. The log-rank test was used to identify significant 
differences in the survival functions between the groups. Univariate and multivariate Cox 
proportional hazard regression models were used to analyze the hazard ratios (HRs) for 
failure of the fixed retainers according to clinical factors. A P value <0.05 was considered to 
indicate statistical significance.

RESULTS

In total, 52 patients (21 male and 31 female) with a mean age of 52.72±10.25 years (range, 
35–74 years) were included in this study (Table 1). Nineteen (36.54%) and 33 (63.46%) 
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Figure 3. Radiographic measurements. (A) The distances between the cemento-enamel junction and the most 
coronal level of the alveolar bone were measured at distal (a) and mesial (b) sites on all sets of periapical 
radiographs. The distances from the cemento-enamel junction to the root apex (R1) were measured on the 
periapical radiographs. (B) The distances from the cemento-enamel junction to the root apex (R2) were measured 

on the panoramic radiographs. The BL was calculated using the following formula: BL =
𝑎𝑎𝑎𝑎 + 𝑏𝑏𝑏𝑏
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 . 
BL: radiographic bone level.



patients underwent periodontal and orthodontic treatment in the maxilla and the mandible, 
respectively. They were all non-smokers (n=51) except for 1 patient. The mean follow-up 
period was 5.32±2.22 years (range, 2.08–9.83 years).

Clinical outcomes
At 12-month follow-up after bonding of fixed retainers, the clinical parameters (including PI, 
GI, and PPD) improved significantly compared to the baseline values (Table 2).

Before periodontal and orthodontic treatment, the mean values of the PI in the maxilla and 
mandible were 1.39±0.62 and 1.83±0.59, respectively (Table 3). The mean values of the PI in 
the maxilla and mandible at the 12-month follow-up after bonding of fixed retainers were 

https://doi.org/10.5051/jpis.2003140157

Factors affecting retainer failure in periodontitis patients

https://jpis.org 169

Table 1. Demographic characteristics of the patients
Patients Variables Value
Age (yr) 30–40 8 (15.38)

40–50 9 (17.31)
≥50 35 (67.31)
(Mean±SD) (52.72±10.25)

Sex Male 21 (40.38)
Female 31 (50.62)

Sites Maxilla 19 (36.54)
Mandible 33 (63.46)

Smoking Non-smoker 51 (98.08)
Smoker 1 (1.92)

Stage and grade of periodontitis Stage I, grade A or B 16 (30.77)
Stage II, grade A or B 23 (44.23)
Stage III, grade B or C 13 (25.00)
Stage IV, grade B or C 0 (0)

Severity of the irregularity LII <1 mm 0 (0)
1 mm≤ LII <4 mm 8 (15.38)
4 mm≤ LII <7 mm 23 (44.23)
7 mm≤ LII <10 mm 16 (30.77)
10 mm≤ LII <20 mm 5 (9.62)

Type of technique Fixed appliances 36 (69.23)
Clear aligner treatment 16 (30.77)

Regenerative surgery No 25 (48.08)
Pre-orthodontic surgery 7 (13.46)
Post-orthodontic surgery 20 (38.46)

Retainer failure No 27 (51.92)
Yes 25 (48.08)

Follow-up period (yr) 2–4 15 (28.85)
4–6 21 (40.38)
6–8 9 (17.31)
≥8 7 (13.46)
(Mean±SD) (5.32±2.22)

Total 52
Values are presented as number (%).
SD: standard deviation, LII: Little's irregularity index.

Table 2. Changes of clinical parameters and BLs
Variable Baseline 12-month follow-up Difference P value
PI 1.67±0.64 0.88±0.53 0.79±0.58 <0.001
GI 0.85±0.49 0.60±0.27 0.25±0.29 <0.001
CI 0.86±0.35 0.82±0.40 0.07±0.32 0.354
PPD (mm) 2.72±0.71 2.43±0.68 0.29±0.34 <0.001
BL (mm) 3.64±1.13 3.31±0.91 0.33±0.53 <0.001
Data are shown as mean±standard deviation.
PI: plaque index, GI: gingival index, CI: calculus index, PPD: probing pocket depth, BL: radiographic bone level.



0.82±0.56 and 0.92±0.51, respectively. The CI of the mandible (0.92±0.38) was significantly 
greater than that of the maxilla (0.63±0.39) at the 12-month follow-up after bonding of fixed 
retainers (P=0.014) (Figure 4).

There were no significant differences according to sex in clinical parameters, including PI, 
GI, and CI, at the baseline and 12-month follow-up after bonding of fixed retainers (Table 4).

Radiographic evaluation
The overall radiographic bone levels significantly improved at the 12-month follow-up after 
bonding of fixed retainers (P<0.001) (Table 2). At 12-month follow-up after bonding of fixed 
retainers, the radiographic bone levels in the maxilla and mandible were 3.33±1.29 mm and 
3.29±0.62 mm, respectively (Table 3). There was no significant difference between the maxilla 
and mandible. In addition, there were no significant differences in radiographic bone levels 
between male and female at baseline and the 12-month follow-up after bonding of fixed 
retainers (Table 4). The ICC of the radiographic measurements at baseline was 0.972. At the 
12-month follow-up after bonding of fixed retainers, the ICC of the radiographic bone level 
was 0.945. High intraexaminer reliability was found for the radiographic measurements.

Failure of retainers
Failure of fixed retainers occurred in 48.08% (n=25) of patients (Table 1). Figure 5 shows 
Kaplan-Meier survival probability plots. The median survival time of the fixed retainers was 
4.83 years. The median survival time of the group with a CI ≥1 at the 12-month follow-up 
after bonding of fixed retainers was 3.08 years. The CSR of the retainers with a CI <1 at the 
12-month follow-up after bonding of fixed retainers was significantly higher than that of the 
retainers with a CI ≥1 at the 12-month follow-up after bonding of fixed retainers (log-rank 
test; P<0.001). The median survival time of retainers in patients with stage III (grade B or 
C) periodontitis (3.17 years) was shorter than that of patients with stage I (grade A or B) 
periodontitis (9.83 years) (log-rank test; P=0.051).

Univariate and multivariate Cox regression models are shown in Table 5. Patients with fixed 
retainers in the maxilla had a significantly lower multivariate HR for failure of retainers (0.22; 
95% confidence interval, 0.08–0.65; P=0.006) compared to patients with fixed retainers in 
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Table 3. Comparison of clinical parameters and BLs according to site
Variable Site Baseline 12-month follow-up
PI Mx (n=19) 1.39±0.62 0.82±0.56

Mn (n=33) 1.83±0.59 0.92±0.51
P value 0.087 0.812

GI Mx (n=19) 0.90±0.61 0.62±0.34
Mn (n=33) 0.83±0.43 0.59±0.23
P value 0.495 0.53

CI Mx (n=19) 0.74±0.39 0.63±0.39
Mn (n=33) 0.92±0.31 0.92±0.38
P value 0.046 0.014

PPD (mm) Mx (n=19) 2.89±0.74 2.58±0.68
Mn (n=33) 2.62±0.69 2.34±0.68
P value 0.389 0.548

BL (mm) Mx (n=19) 3.63±1.45 3.33±1.29
Mn (n=33) 3.64±0.92 3.29±0.62
P value 0.539 0.279

Data are shown as mean±standard deviation.
PI: plaque index, GI: gingival index, CI: calculus index. PPD: probing pocket depth, BL: radiographic bone level, 
Mx: maxilla, Mn: mandible.
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Figure 4. Mandibular fixed retainer. (A) A clinical photograph before periodontal and orthodontic treatment. (B) 
A periapical radiograph when the mandibular right central incisor was avulsed with trauma. (C) The mandibular 
right central incisor, which had been avulsed with trauma, was splinted to the adjacent teeth using adhesive resin 
and wire. (D) A periapical radiograph before periodontal and orthodontic treatment. (E) Calculus deposition 
(white arrows) and partially detached fixed retainer (a black arrow) are shown on the lingual side of the 
mandibular anterior teeth. (F) A periapical radiograph at the 12-month follow-up after bonding of fixed retainers.

Table 4. Comparison of clinical parameters and BLs according to sex
Variable Sex Baseline 12-month follow-up
PI Male (n=21) 1.83±0.75 1.02±0.66

Female (n=31) 1.56±0.53 0.79±0.39
P value 0.251 0.238

GI Male (n=21) 0.76±0.33 0.56±0.19
Female (n=31) 0.91±0.58 0.63±0.31
P value 0.779 0.822

CI Male (n=21) 0.82±0.42 0.74±0.42
Female (n=31) 0.88±0.29 0.87±0.39
P value 0.415 0.326

PPD (mm) Male (n=21) 3.01±0.75 2.57±0.71
Female (n=31) 2.52±0.63 2.33±0.66
P value 0.038 0.318

BL (mm) Male (n=21) 3.93±1.39 3.51±1.08
Female (n=31) 3.44±0.87 3.17±0.77
P value 0.211 0.259

Data are shown as mean±standard deviation.
PI: plaque index, GI: gingival index, CI: calculus index, PPD: probing pocket depth, BL: radiographic bone level.



the mandible. The multivariate HR for failure of retainers with a CI ≥1 at the 12-month follow-
up after bonding of fixed retainers was 20.34 (95% confidence interval, 5.63–73.52; P<0.001). 
Patients with stage III (grade B or C) periodontitis had a higher multivariate HR for retainer 
failure (5.4; 95% confidence interval, 1.22–23.91; P=0.026) compared to patients with stage I 
(grade A or B) periodontitis.
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Figure 5. Kaplan-Meier survival curves. (A) The overall median survival time of the fixed retainers was 4.83 years. (B) The CSR of the fixed retainers in patients 
who had a calculus index <1 at the 12-month follow-up after bonding of fixed retainers was significantly higher than that of fixed retainers in patients who had a 
calculus index ≥1 at the 12-month follow-up after bonding of fixed retainers (log-rank test; P<0.001). (C) The median survival time of fixed retainers in patients 
with stage I (grade A or B) periodontitis was 9.83 years. Patients with stage III (grade B or C) periodontitis had shorter median survival time of fixed retainers (3.17 
years) (log-rank test; P=0.051). (D) The median survival time of fixed retainers in patients with severe irregularities (10–20 mm according to Little's irregularity 
index) was 3.17 years. 
CSR: cumulative survival rate, CI: calculus index.



DISCUSSION

This study was conducted to investigate clinical factors affecting the longevity of fixed 
retainers and the influence of fixed retainers on periodontal health in periodontitis patients. 
The overall CSR of the fixed retainers in patients who had a CI <1 at the 12-month follow-up 
after bonding of fixed retainers was higher than in patients who had a CI ≥1 at the 12-month 
follow-up after bonding of fixed retainers. Patients who had a CI ≥1 at the 12-month 
follow-up after bonding of fixed retainers exhibited a significantly higher multivariate HR 
for retainer failure. In addition, patients with stage III (grade B or C) periodontitis had a 
higher multivariate HR for retainer failure compared to patients with stage I (grade A or B) 
periodontitis.

Retention after orthodontic treatment is challenging and especially critical during the first 
8 months post-treatment, when remodeling of the supra-alveolar fibers occurs [2]. Sharpe 
et al. [24] reported that orthodontic patients with previously treated severe periodontal 
disease or crestal bone loss had an increased risk of deterioration of tooth alignment after 
orthodontic treatment. Currently, invisible retainers are generally used and lifelong retention 
is prescribed instead of retention for a limited time [25]. Therefore, we used flexible 
multistranded wire retainers for retention in this study.

Many studies have demonstrated the influence of orthodontic retainers on periodontal tissue 
[11,12,26-32]. Zachrisson [11] emphasized the importance of appropriate oral hygiene for 
periodontal health in patients who had fixed retainers. Fixed lingual retainers may lead to 
plaque accumulation and calculus deposition on teeth because of the difficulty in practicing 
proper oral hygiene [32]. However, Artun et al. [27] reported that the accumulation of 
plaque and calculus around fixed retainers did not seem to cause apparent damage to the 
adjacent hard and soft tissues. They also noted that there were no signs of carious white 
spot lesions and suggested that the accessibility for the free flow of saliva may be a major 
factor precluding enamel decalcification [27]. Heier et al. [12] reported that slightly more 
plaque and calculus accumulation were observed on the lingual surfaces in the fixed retainer 
group. However, they suggested that periodontal health should not be compromised by the 
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Table 5. Cox proportional HRs of retainer failure according to sex, site, calculus index, stage (grade) of periodontitis, and severity of the irregularity
Variable Univariate HR 95% confidence interval P value Multivariate HR 95% confidence interval P value
Sex

Male 1.42 0.63–3.18 0.401 3.39 1.72–10.75 0.038
Female 1 1

Site
Maxilla 0.89 0.39–2.01 0.775 0.22 0.08–0.65 0.006
Mandible 1 1

CI (at 12-month follow-up)
CI <1 1 1
CI ≥1 13.36 4.40–40.52 <0.001 20.34 5.63–73.52 <0.001

Periodontitis
Stage I, grade A or B 1 0.067 1 0.058
Stage II, grade A or B 1.49 0.54–4.12 0.436 0.89 0.29–2.80 0.848
Stage III, grade B or C 3.25 1.14–9.24 0.027 5.4 1.22–23.91 0.026

Severity of the irregularity
1 mm≤ LII <4 mm 1 0.244 1 0.144
4 mm≤ LII <7 mm 3.52 0.77–16.05 0.103 1.58 0.29–8.39 0.59
7 mm≤ LII <10 mm 2.95 0.62–13.98 0.174 0.57 0.10–3.22 0.522
10 mm≤ LII <20 mm 5.8 1.04–32.39 0.045 0.27 0.03–2.58 0.252

HR: hazard ratio, CI: calculus index, LII: Little's irregularity index.



presence of bonded lingual wires if professional plaque and calculus removal accompanied 
by a session on motivation and oral hygiene instruction is repeated every 6 months. Storey 
et al. [30] also showed that there were no clinically significant changes in periodontal health 
after 12 months of retention using bonded fixed retainers. In the present study, there were 
no significant differences in PI and GI according to sex and sites. This finding is similar to 
that of a previous study, which reported 20-year outcomes of fixed retainers and found that 
the mean GI in the upper and lower anterior teeth was 0.50 and 0.58, respectively [31]. At 
the 12-month follow-up after bonding of fixed retainers, even though the fixed retainers 
were bonded, clinical parameters including PI, GI, and PPD improved in the present study. 
Eroglu et al. [32] reported that oral hygiene improved after orthodontic treatment with 
fixed appliances regardless of retainer type. They also showed that fixed and removable 
orthodontic retainers did not differ in terms of salivary Streptococcus mutans and Lactobacillus 
casei levels and periodontal status.

However, the current study showed that the CI of the lower anterior teeth was significantly 
greater than that of the upper anterior teeth after the bonding of fixed retainers. During 
the follow-up period after orthodontic treatment, general dentists and dental hygienists 
found it difficult to clean around fixed retainers, contributing to the risk of developing 
periodontal issues. Moreover, the lingual surfaces of mandibular anterior teeth are one of 
the most common locations for the development of supragingival calculus [33]. Therefore, 
the meticulous removal of plaque and calculus sometimes results in the breakage of fixed 
retainers. Juloski et al. [34] also reported that the long-term presence of fixed lingual 
retainers increased the accumulation of calculus. They also emphasized that professional 
plaque and calculus removal and good oral hygiene could improve periodontal health.

Multistranded bonded orthodontic retainers have been reported to exhibit risks of failure 
ranging from 12% [28] to 46.4% [35]. The present study showed that the CSR of fixed 
retainers in patients who had a CI <1 at the 12-month follow-up after bonding of fixed 
retainers was significantly higher than that of fixed retainers in patients who had a CI ≥1 
at the 12-month follow-up after bonding of fixed retainers (P<0.001). Pandis et al. [35] 
compared the survival rates of mandibular lingual retainers with either chemically cured 
or light-cured adhesives after orthodontic treatment. They concluded that there was 
no significant difference between the 2 groups. Gökçe and Kaya [36] reported that the 
periodontal outcomes and survival rates of mandibular fixed retainers were not affected by 
bonding technique or wire thickness. They also showed that the survival rates were 85% 
for 0.0215-inch and 90% for 0.0175-inch retainer wires at the 6-month follow-up visit. The 
survival rate of fixed retainers in their study was higher than in the present study. It seems 
that the mean follow-up period of the present study (5.32±2.22 years) was longer than the 
follow-up in their study. Scheibe and Ruf [37] suggested that retainer failures were related to 
operator experience and that operators with less experience may have a higher failure rate of 
retainers. In the present study, all the fixed retainers were bonded with light-cured adhesive 
by 1 experienced operator, resulting in no bias based on operator experience.

Salehi et al. [22] showed that the most frequent type of failure in multi-stranded retainers 
was retainer loosening, which was observed in 84.48% of cases in the maxilla and 96.42% of 
cases in the mandible, even though there were no significant differences between the survival 
times of the maxillary and mandibular retainers. However, Tacken et al. [28] reported that 
failure of retainers occurred more frequently in the maxilla than in the mandible. In addition, 
Radlanski and Zain [38] explained that the frequent failure of maxillary retainers is due to 
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the occlusal contacts of opposing teeth in the area of the bonded composite of the retainers. 
Bearn also suggested that this may reflect the role of occlusal factors [8]. In contrast, the 
present study showed that the multivariate HR of the maxilla for retainer failure was 0.22 
(95% confidence interval, 0.08–0.65; P=0.006) after adjustment for confounding factors. 
Moreover, patients with a CI ≥1 at the 12-month follow-up after bonding of fixed retainers 
had a higher HR for the failure of fixed retainers. It is suggested that more force may be 
applied to the retainer wire and bonded resin during the meticulous removal of calculus and 
stain around the fixed retainers and teeth. This may result in the detachment of the bonding 
sites, with the retainer sometimes remaining in situ. During professional tooth cleaning, the 
operator can find detached retainers that were unrecognizable to the patient. In this study, 
we included periodontitis patients who were compliant with the supportive periodontal 
treatment after periodontal and orthodontic treatment. If patients had not been followed up 
regularly, the breakage of the fixed retainers could not have been detected and might have 
resulted in relapse of the corrected alignment of the teeth. Shaughnessy et al. [39] reported 
that a fixed retainer made with dead soft wire was the least likely to create torque problems, 
but was the most likely to break, and that a fixed retainer made with a flexible twist wire can 
produce inadvertent tooth movement. They also emphasized the need for regular observation 
of patients wearing fixed retainers because patients might not notice partial debonding.

No significant differences were found in the multivariate HRs for the failure of fixed retainers 
according to the severity of the irregularity. However, patients with stage III (grade B or 
C) periodontitis had a higher multivariate HR for failure of retainers (5.4; 95% confidence 
interval, 1.22–23.91; P=0.026) compared to patients with stage I (grade A or B) periodontitis. 
Artun and Urbye [40] reported that 10 failures of fixed retainers were recorded in 9 of 19 
patients with advanced loss of marginal periodontium after periodontal and orthodontic 
treatment. They also suggested that relapse within the retained segment was associated with 
failures of the retainer.

There are several limitations in this study. One is the inherent bias of retrospective studies. 
We included patients who were compliant with the supportive periodontal treatment. 
Therefore, clinical parameters including PI, GI, and PPD improved even though the fixed 
retainers had been bonded to the palatal and lingual sides of the upper and lower anterior 
teeth. Second, we did not evaluate the formation of caries after the bonding of fixed 
retainers. Nonetheless, this study has several strengths. First, previous studies investigating 
the influence of fixed retainers on periodontal health mostly included young patients 
without periodontitis. On the contrary, the present study included patients who already 
had periodontitis. Therefore, the results of this study on the influence of fixed retainers on 
periodontal health are particularly meaningful. Second, all periodontal, orthodontic, and 
supportive periodontal treatment was performed by 1 periodontist with the same protocol 
for oral hygiene instructions. Third, the long-term survival rate of fixed retainers could be 
evaluated because all the patients who were included in this study were compliant with the 
supportive periodontal treatment.

Although the fixed retainers were bonded to the palatal or lingual sides of the upper or lower 
anterior teeth, clinical parameters including PI, GI, and PPD improved after periodontal 
and orthodontic treatment as long as repeated oral hygiene education and professional 
tooth cleaning were provided. At the 12-month follow-up after bonding of fixed retainers, 
the CI of the lower anterior teeth was significantly higher than that of the upper anterior 
teeth. Moreover, the failure of fixed retainers occurred more frequently in patients who had 
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stage III (grade B or C) periodontitis or a CI ≥1 at the 12-month follow-up after bonding of 
fixed retainers. However, the results of this study should be interpreted with caution. Future 
studies directly comparing fixed retainers in periodontitis patients with those in healthy 
patients with a larger sample size are needed.
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