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Short-Term Influence of Lingual Orthodontic Therapy on Microbial

Parameters and Periodontal Status

A Preliminary Study
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ABSTRACT
Objective: To perform a preliminary study of the short-term effect of fixed, customized lingual
orthodontic appliances on periodontal and microbial parameters.
Materials and Methods: The sample comprised 20 subjects (6 males and 14 females) with a mean
age of 22.3 years 6 8.6 years. Before (T0) and 4 weeks after placement (T1) of custom-made lingual
appliances on the lower teeth only, plaque index (PI), probing pocket depth (PPD), and bleeding on
probing (BOP) were measured. A 16S rRNA-based polymerase chain reaction (PCR) method was
used to detect Aggregatibacter actinomycetemcomitans (Aa) and Porphyromonas gingivalis (Pg) in
the crevicular fluid. To compare periodontal parameters on bonded lingual (testing) and unbonded
palatal (control) and labial (control) sites between T0 and T1, the Wilcoxon test was applied.
Results: On the lingual aspects of bonded teeth, a significant increase of BOP (T0: 23.4 6 22.5%;
T1: 46.2 6 23.5%; P 5.001) and PI (T0: 0.3 6 0.3; T1: 1.0 6 0.7; P 5 .001) was observed, but no
significant changes for PPD (T0: 2.1 6 0.4 mm; T1: 2.2 6 0.3 mm; P 5 .286) were found. On
control sites, no significant changes were recorded for any periodontal parameter. Aa was found in
25% of the patients at baseline (5 subjects) and in 35% of the patients at T1 (2 additional positive
subjects), whereas Pg was found in 5% of the cohort at T0 and at T1 (same patient).
Conclusions: Even in the short term, insertion of fixed lingual appliances induced a worsening of
periodontal parameters restricted to bonded lingual sites. (Angle Orthod. 2010;80:480–484.)
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INTRODUCTION

‘‘Invisible’’ orthodontic treatment can be provided by
using fixed lingual bracket systems. In the past,
prefabricated lingual bracket systems were reported to

cause problems in clinical application due to difficult
bracket and archwire insertion.1,2 Furthermore, subjec-
tive impairments were reported by the patients, such as
oral discomfort due to injury or irritation of the tongue,
speech dysfunction as a result of a restricted functional
space for the tongue, and restriction of mastication.3 Due
to the problems associated with prefabricated lingual
appliances, customized brackets and computer-aided
fabrication of individual archwires were implemented in
lingual orthodontics.4–6 Furthermore, the use of the
indirect bonding technique simplified the insertion of
lingual appliances.7,8 As a result of the technical
developments in recent years, most of the problems
associated with lingual treatment have been overcome.

Due to increasing esthetic demands of young
patients and, thanks to clinical simplification in using
customized lingual appliances, the indication for lingual
orthodontics today is no longer restricted to adults, but
has been extended to adolescents, the major treat-
ment cohort of orthodontists.9

After insertion of fixed labial orthodontic appliances,
however, detrimental effects can be observed in the
short and long term. As a result of ecological changes
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after bracket insertion, an increase in the amount,
composition, metabolic activity, and pathogenicity of
the oral microflora;10–13 worsening of periodontal
parameters; and an increase of incipient caries lesions
can be observed.14,15 Clinical studies have shown that
a plaque-associated increase in periodontal probing
depth (PPD) and bleeding on probing (BOP) can be
observed during fixed orthodontic treatment with labial
appliances.16,17 Furthermore, labial bracket bonding
affects the oral microflora by means of a higher
prevalence of periodontal pathogens such as Aggre-
gatibacter actinomycetemcomitans (Aa) and Porphyr-
omonas gingivalis (Pg).11,18

In the literature, there are numerous reports about the
periodontal and microbial effects of labial orthodontic
treatment, but only limited research has been performed
considering this question with respect to fixed lingual
appliances.6,19 Therefore, the purpose of the present
study was to perform an analysis of the short-term
influence of fixed lingual appliances on the periodontal
status and oral microflora. Especially the presence of Aa
and Pg should be monitored during treatment with
customized lingual brackets. The null hypothesis of this
study was that insertion of fixed lingual appliances
induces no differences of periodontal parameters on
bonded sites after a period of 4 weeks.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of
Hannover Medical School (No. 4347). The examina-
tion was performed with the understanding and written
consent of each subject.

The study group consisted of 20 patients (14
females and 6 males) aged between 12 and 36 years
(mean, 22.3 6 8.6 years). During the observation
period, a fixed, customized lingual appliance (Incogni-
to, TOP Service, Bad Essen, Germany and ibraces,
Lingualcare, Dallas, Texas, USA) was inserted only on
the mandibular teeth of all patients. Participants were
selected consecutively from patients who were treated
in the Department of Orthodontics of the Hannover
Medical School by six orthodontists with at least 5
years of professional experience. The following exclu-
sion criteria were defined: systemic illness, smoking,
pregnancy, pocket depth $ 4 mm with radiographic
bone loss, extensive dental restorations (eg, crowns or
bridges), other plaque stagnation areas (eg, impacted
teeth) or removable partial dentures, and pharmaco-
logical treatment or antibiotic therapy during or up to 4
months before the study.

During the study, no professional teeth cleaning was
performed, but after baseline examination, all patients
received accurate supragingival and subgingival ultra-
sonic scaling and dental hygiene instructions. Patients

were informed to brush their teeth at least twice a day
and to use interdental toothbrushes. According to the
protocol of the manufacturer, the dental aspect of all
brackets was treated with a silane (Rocatec; 3M Espe,
Seefeld, Germany) before bonding; these surfaces
were then coated with a thin layer of resin (Phase II,
Reliance Orthodontic Products, Itasca, Ill). Bracket
insertion was performed with the indirect bonding
technique (Maximum Cure, Reliance), by using a tray
system after enamel etching. After the bonding
procedure, composite flash was removed. Elastic
modules and stainless steel ligatures were used for
the ligation of the initial NiTi archwire.

Periodontal Evaluation

A full periodontal examination including PPD, BOP,
and plaque index (PI) was performed before (T0) and 4
weeks after (T1) bracket bonding in the mandible. PPD
and BOP were obtained at six sites per tooth, whereas
PI was determined for the labial and lingual sites
separately.20,21 Periodontal evaluation was carried out
by the same trained clinician in all patients by using a
marked periodontal probe (WHO-DMS probe Deppe-
ler, Rolle, Switzerland). PPD was measured to the
nearest millimeter on the scale. The following index
teeth were included in the maxilla and mandible: first
molar, first premolar, and central incisor. In extraction
cases, the second premolar was used instead of the
first premolar. Randomized measurements were per-
formed in the first (maxillary right) and third (mandib-
ular left) or second (maxillary left) and fourth (man-
dibular right) quadrants using permuted block random-
ization with block sizes of 10.

Microbial Analysis

The prevalence of Aa and Pg in the crevicular fluid
was detected by use of a 16S rRNA-based polymerase
chain reaction (PCR) method. The PCR procedure
was performed twice to ensure consistency of micro-
bial data. Using sterile paper points, samples of sulcus
fluid were taken at the labial and lingual sites on the
index teeth at T0 and T1. Pooled samples were stored
in Eppendorf tubes (Eppendorf AG, Hamburg, Ger-
many) at 280uC.

Whole genomic bacterial DNA was extracted with a
QIAmp DNA Mini Kit (Qiagen GmbH, Hilden, Germany).
Concentration was measured at 260 and 280 nm.
Nucleotide sequences of the upstream and downstream
primer for the detection of Aa,22 Pg, and unspecific
universal primers23 are shown in Table 1. Products of
PCR were controlled with a DNA molecular size marker
by gel electrophoresis. DNA templates of cultivated Aa
and Pg were used as positive controls. Templates were
validated by sequencing (CCUG, Göteborg, Sweden).

SHORT-TERM INFLUENCE OF LINGUAL ORTHODONTICS 481

Angle Orthodontist, Vol 80, No 3, 2010

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



Statistical Analysis

Power and sample sizes were calculated using
nQuery Advisor 5.0 (Statistical Solutions, Saugas,
Mass). Power calculation revealed that a sample size
of 10 would have an 80% power to detect a difference
in means of 15%, assuming that the standard deviation
of the differences was 15%. Documentation and
evaluation of the data were performed using the
Statistical Package for the Social Sciences, Version
15.0 for Windows (SPSS Inc, Chicago, Ill). Reproduc-
ibility of clinical measurements (PPD) was assessed
by repeating measurements within a session and
calculated by applying the method of Bland and
Altman.24 The Kolmogorov-Smirnov test was applied
to test for normal distribution. As data were not
distributed normally, a Wilcoxon test was used to
compare periodontal parameters on control (palatal/
labial sites) and bonded surfaces (lingual sites)
between T0 and T1. All tests were performed two-
tailed with a significance level of P , .05.

RESULTS

No dropouts were recorded during the study.
Results of the periodontal examination are shown in
Table 2. At baseline, the mean values were similar for
all periodontal parameters in testing and control sites.

Four weeks after insertion of the fixed, customized
lingual appliance in the mandible, BOP and PI
increased significantly at testing sites, whereas no
changes of these parameters were found at control
sites. PPD did not increase at testing or control sites
during the observation period. Regarding the repro-
ducibility of clinical measurements, the empirical
standard deviation for PPD was 0.01 6 0.01 mm,
indicating excellent reproducibility.

After PCR with universal primers, a distinct band
was obtained after gel electrophoresis for all samples
taken. The microbiological data of specific primers are
summarized in Table 3. At T0, Aa was found in 25% of
the patients (5 subjects), and at T1, in 35% of the
patients (2 additional subjects). Pg was present in 5%
of the cohort at T0 and T1 (same patient).

Table 1. Species-Specific and Universal Primers for Polymerase

Chain Reaction

Primer Pairs (59–39)

Aggregatibacter actinomycetemcomitans

59-TAG CCC TGG TGC CCG AAG C-39

59-CAT CGC TGG TTG GTT ACC CTC TG-39

Porphyromonas gingivalis

59-AGG CAG CTT GCC ATA CTG CG-39

59-ACT GTT AGC AAC TAC CGA TGT-39

Universal primers

59-GAT TAG ATA CCC TGG TAG TCC AC-39

59-CCC GGG AAC GTA TTC ACC G-39

Table 2. Periodontal Parameters at Baseline and 4 Weeks After Insertion of a Customized Lingual Appliance in the Mandible

Baseline (T0) After 4 Weeks (T1) P Value

Plaque index Maxilla labial 0.2 6 0.5 0.0 6 0.1 0.223

palatal 0.1 6 0.1 0.1 6 0.2 0.587

Mandible labial 0.2 6 0.3 0.1 6 0.2 0.329

lingual 0.3 6 0.3 1.0 6 0.7 0.001

Bleeding on probing (%) Maxilla labial 19.9 6 20.1 13.5 6 13.6 0.184

palatal 25.2 6 19.2 22.2 6 18.9 0.608

Mandible labial 18.1 6 17.5 12.9 6 16.7 0.101

lingual 23.4 6 22.5 46.2 6 23.5 0.001

Probing pocket depth (mm) Maxilla labial 2.0 6 0.3 2.0 6 0.4 0.895

palatal 2.1 6 0.4 2.2 6 0.5 0.184

Mandible labial 1.9 6 0.4 1.9 6 0.3 0.704

lingual 2.1 6 0.4 2.2 6 0.3 0.286

Table 3. Prevalence of the Two Periodontal Pathogens,

Aggregatibacter Actinomycetemcomitans (Aa) and Porphyromonas

Gingivalis (Pg), Before and 4 Weeks After Bonding a Customized

Lingual Appliance in the Mandible

Patient Age

Before Bonding

(T0)

4 Weeks After

Bonding (T1)

1 32 – –

2 15 – –

3 33 – –

4 17 – –

5 24 – Aa

6 29 Aa Aa

7 33 Aa, Pg Aa, Pg

8 13 – –

9 16 – –

10 28 – –

11 13 – Aa

12 23 Aa Aa

13 13 – –

14 12 – –

15 36 Aa Aa

16 30 – –

17 33 Aa Aa

18 17 – –

19 12 – –

20 17 – –
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DISCUSSION

In a recent study, it was shown that the intraoral
location of biomaterials has an influence on in situ biofilm
formation, indicating that initial biofilm thickness is
reduced at palatal sites.25 These findings might be due
to tongue activity resulting in a self-cleaning mechanism
of oral surfaces. Consequently, it might be assumed that
the insertion of a fixed lingual appliance must not
necessarily induce the periodontal and microbial effects
that are well known from fixed labial orthodontic
treatment.26 Therefore, in our study, short-term effects
of a lingual bracket system on clinical and microbial
parameters were evaluated in a split-mouth setting.

The investigation was performed over the specific
period of 4 weeks, because according to the manufac-
turer’s protocol, insertion of the appliance in the maxilla
is recommended after this period. A postponed insertion
might lead to a bracket malpositioning, especially in
adolescents, due to progression of tooth eruption. As a
lingual control site was essential and a significant
increase of periodontal and microbial parameters after
this period was described for fixed labial treatment, a
longer observation period was not used.27

The determination of periodontal parameters entails
the risk of interobserver differences. Therefore, all
patients were examined by the same clinician. Six
representative index teeth were selected for the
assessment of periodontal parameters. The results of
such an examination are largely comparable with
those of a full periodontal examination.28 However,
periodontal parameters were determined in a cohort of
20 patients. Therefore, the results of the present
examination have to be considered as data of a
preliminary study. Confounders, such as a tendency to
unilateral oral hygiene, were taken into consideration
by randomly selecting the first and third or second and
fourth quadrant for clinical investigation.

The microbial analysis focused on Aa and Pg
because these microorganisms are known to be the
predominant pathogens of fixed labial orthodontic
treatment.29 Their determination was performed by
use of a 16S rRNA-based PCR detection method,
because this technique is less error prone and time
consuming than bacterial cell culture.30

The null hypothesis was rejected because the
results of periodontal examination showed a significant
increase of PI and BOP on bonded lingual surfaces,
whereas no changes for any parameter were found on
palatal and labial control sites. Consequently, the
lingual location of the appliance could not prevent the
iatrogenic side effect of biofilm formation during fixed
orthodontic therapy. Even the selection of gold alloy as
a bracket material, which is known to have an influence
on the composition, quantity, and vitality of the

adherent biofilm,31,32 could not prevent plaque forma-
tion and periodontal inflammation.

In contrast to PI and BOP, the PPD remained
relatively constant over the observation period on
testing sites. These results are in accordance with the
results of another clinical study which also failed to find
a significant increase in PPD on bonded labial sites
after this period.33

The baseline prevalence of Aa and Pg in the present
study can be described as the natural occurrence of
these microbiota in this age cohort.34 A slight bacterial
shift was observed 4 weeks after lingual bracket
bonding: the pretreatment prevalence of Aa was 25%
and of Pg, 5%, and at T1, 35% and 5%, respectively.
However, long-term changes of microbial diversity after
insertion of fixed lingual appliances were not evaluated
in the context of this study. Results of the present
examination largely agree with those of other studies,
which showed a bonding site-specific colonization by Aa
in labially treated orthodontic patients and a shift toward
a higher concentration of periodontal pathogens.33,35

Differing data between the cited studies and the results
of the present investigation, especially baseline preva-
lence of periodontal pathogens, might be explained by
the use of a bacterial cell culture method for the detection
of periodontopathic microorganisms in contrast to the
PCR method of our study. A further difference between
the present investigation and the cited studies is the
selection of patients, as the cohort of the present study
entailed not only adults but also adolescents.

In this study, archwires were inserted by use of both
elastic modules and stainless steel ligatures. In a recent
study, the use of elastic modules for the ligation of
orthodontic archwires was shown to harm gingival
conditions and to favor the occurrence of periodontal
pathogens.36 So, to maintain periodontal health, we
recommend an increased use of stainless steel ligatures
in lingual orthodontic therapy as well. The results of this
study stress the importance of dental prophylaxis even
in lingual orthodontics to avoid periodontal side effects.

CONCLUSIONS

N The insertion of fixed lingual appliances induces an
increase of plaque accumulation and gingival inflam-
mation in the short term. These changes are
restricted to bonding sites.

N A slight bacterial shift toward a periodontopathogenic
microflora was observed for Aa, but not for Pg.

ACKNOWLEDGMENTS

This work was supported by a grant of the Deutsche
Gesellschaft für Linguale Orthodontie (DGLO).

We would like to thank Mr Rainer Schreeb from the
Department of Prosthetic Dentistry and Biomedical Materials
Science for his assistance with the microbial analysis.

SHORT-TERM INFLUENCE OF LINGUAL ORTHODONTICS 483

Angle Orthodontist, Vol 80, No 3, 2010

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



REFERENCES

1. Diedrich P. Lingual bracket-fixation—problems and initial
experiences. Fortschr Kieferorthop. 1984;45:65–76.

2. Kurz C, Bennett R. Extraction cases and the lingual
appliance. J Am Ling Orthod Assoc. 1998;3:10–13.

3. Fritz U, Diedrich P, Wiechmann D. Lingual technique—
patients’ characteristics, motivation and acceptance. Inter-
pretation of a retrospective survey. J Orofac Orthop. 2002;
63:227–233.

4. Wiechmann D. A new bracket system for lingual orthodontic
treatment. Part 1: theoretical background and development.
J Orofac Orthop. 2002;63:234–245.

5. Wiechmann D. A new bracket system for lingual orthodontic
treatment. Part 2: first clinical experiences and further
development. J Orofac Orthop. 2003;64:372–388.

6. Hohoff A, Stamm T, Kuhne N, Wiechmann D, Haufe S,
Lippold C, Ehmer U. Effects of a mechanical interdental
cleaning device on oral hygiene in patients with lingual
brackets. Angle Orthod. 2003;73:579–587.

7. Gorman JC. Treatment of adults with lingual orthodontic
appliances. Dent Clin North Am. 1988;32:589–620.

8. Wiechmann D. Lingual orthodontics (part 1): laboratory
procedure. J Orofac Orthop. 1999;60:371–379.

9. Wiechmann D, Schwestka-Polly R, Hohoff A. Herbst
appliance in lingual orthodontics. Am J Orthod Dentofacial
Orthop. 2008;134:439–446.

10. Diamanti-Kipioti A, Gusberti FA, Lang NP. Clinical and
microbiological effects of fixed orthodontic appliances. J Clin
Periodontol. 1987;14:326–333.

11. Paolantonio M, Pedrazzoli V, di Murro C, di Placido G,
Picciani C, Catamo G, De Luca M, Piaccolomini R. Clinical
significance of Actinobacillus actinomycetemcomitans in
young individuals during orthodontic treatment. A 3-year
longitudinal study. J Clin Periodontol. 1997;24:610–617.

12. Chang HS, Walsh LJ, Freer TJ. The effect of orthodontic
treatment on salivary flow, pH, buffer capacity, and levels of
Mutans streptococci and lactobacilli. Aust Orthod J. 1999;
15:229–234.

13. Hagg U, Kaveewatcharanont P, Samaranayake YH, Samar-
anayake LP. The effect of fixed orthodontic appliances on
the oral carriage of Candida species and Enterobacteriace-
ae. Eur J Orthod. 2004;26:623–629.

14. van Gastel J, Quirynen M, Teughels W, Carels C. The
relationship between malocclusion, fixed orthodontic appli-
ances and periodontal disease. A review of the literature.
Aust Orthod J. 2007;23:121–129.

15. Lovrov S, Hertrich K, Hirschfelder U. Enamel demineraliza-
tion during fixed orthodontic treatment—incidence and
correlation to various oral-hygiene parameters. J Orofac
Orthop. 2007;68:353–363.

16. Ong MM, Wang HL. Periodontic and orthodontic treatment in
adults. Am J Orthod Dentofacial Orthop. 2002;122:420–428.

17. van Gastel J, Quirynen M, Teughels W, Coucke W, Carels
C. Longitudinal changes in microbiology and clinical
periodontal variables after placement of fixed orthodontic
appliances. J Periodontol. 2008;79:2078–2086.

18. Lee SM, Yoo SY, Kim HS, Kim KW, Yoon YJ, Lim SH, Shin
HY, Kook JK. Prevalence of putative periodontopathogens
in subgingival dental plaques from gingivitis lesions in
Korean orthodontic patients. J Microbiol. 2005;43:260–265.

19. Miethke RR, Brauner K. A comparison of the periodontal
health of patients during treatment with the Invisalign
system and with fixed lingual appliances. J Orofac Orthop.
2007;68:223–231.

20. Lang NP, Adler R, Joss A, Nyman S. Absence of bleeding
on probing. An indicator of periodontal stability. J Clin
Periodontol. 1990;17:714–721.

21. Silness J, Loe H. Periodontal disease in pregnancy. II.
Correlation between oral hygiene and periodontal condtion.
Acta Odontol Scand. 1964;22:121–135.

22. Kim SG, Kim SH, Kim MK, Kim HS, Kook JK. Identification
of Actinobacillus actinomycetemcomitans using species-
specific 16S rDNA primers. J Microbiol. 2005;43:209–212.

23. Ashimoto A, Chen C, Bakker I, Slots J. Polymerase chain
reaction detection of 8 putative periodontal pathogens in
subgingival plaque of gingivitis and advanced periodontitis
lesions. Oral Microbiol Immunol. 1996;11:266–273.

24. Bland JM, Altman DG. Statistical methods for assessing
agreement between two methods of clinical measurement.
Lancet. 1986;1:307–310.

25. Auschill TM, Hellwig E, Sculean A, Hein N, Arweiler NB.
Impact of the intraoral location on the rate of biofilm growth.
Clin Oral Investig. 2004;8:97–101.

26. Demling A, Heuer W, Elter C, Heidenblut T, Bach FW,
Schwestka-Polly R, Stiesch-Scholz M. Analysis of supra-
and subgingival long-term biofilm formation on orthodontic
bands. Eur J Orthod. 2009;31:202–206.

27. Ristic M, Vlahovic Svabic M, Sasic M, Zelic O. Effects of
fixed orthodontic appliances on subgingival microflora.
Int J Dent Hyg. 2008;6:129–136.

28. Beck JD, Caplan DJ, Preisser JS, Moss K. Reducing the
bias of probing depth and attachment level estimates using
random partial-mouth recording. Community Dent Oral
Epidemiol. 2006;34:1–10.

29. Paolantonio M, di Girolamo G, Pedrazzoli V, di Murro C,
Picciani C, Catamo G, Cattabriga M, Piccolomini R.
Occurrence of Actinobacillus actinomycetemcomitans in
patients wearing orthodontic appliances. A cross-sectional
study. J Clin Periodontol. 1996;23:112–118.

30. Lau L, Sanz M, Herrera D, Morillo JM, Martin C, Silva A.
Quantitative real-time polymerase chain reaction versus
culture: a comparison between two methods for the
detection and quantification of Actinobacillus actinomyce-
temcomitans, Porphyromonas gingivalis and Tannerella
forsythensis in subgingival plaque samples. J Clin Peri-
odontol. 2004;31:1061–1069.

31. Auschill TM, Arweiler NB, Brecx M, Reich E, Sculean A,
Netuschil L. The effect of dental restorative materials on
dental biofilm. Eur J Oral Sci. 2002;110:48–53.

32. Berry CW, Moore TJ, Safar JA, Henry CA, Wagner MJ.
Antibacterial activity of dental implant metals. Implant Dent.
1992;1:59–65.

33. Paolantonio M, Festa F, di Placido G, D’Attilio M, Catamo G,
Piccolomini R. Site-specific subgingival colonization by
Actinobacillus actinomycetemcomitans in orthodontic pa-
tients. Am J Orthod Dentofacial Orthop. 1999;115:423–428.

34. Hamlet SM, Cullinan MP, Westerman B, Lindeman M, Bird
PS, Palmer J, Seymour GJ. Distribution of Actinobacillus
actinomycetemcomitans, Porphyromonas gingivalis and
Prevotella intermedia in an Australian population. J Clin
Periodontol. 2001;28:1163–1171.

35. van Gastel J, Quirynen M, Teughels W, Coucke W, Carels
C. Influence of bracket design on microbial and periodontal
parameters in vivo. J Clin Periodontol. 2007;34:423–431.

36. Alves de Souza R, Borges de Araújo Magnani MB, Nouer
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