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A B S T R A C T

Objectives: The oral microbiological environment may be implicated in the corrosion of

orthodontic metals. This study aimed to examine the prevalence of sulfate-reducing bacte-

ria (SRB) in orthodontic patients undergoing fixed appliance treatment.

Methods: Sixty-nine orthodontic and 69 healthy non-orthodontic participants were

enrolled in the study. Supragingival and subgingivaloral biofilm were collected and

tested for the presence of SRB. The DNA extraction, polymerase chain reaction (PCR),

and 16sRNA Sanger sequencing method was performed from the SRB-positive samples.

The sequenced PCR products were analysed and compared with databases to identify

the bacterial genus.

Results: Amongst 69 orthodontic patients, characteristic black precipitates developed in 14,

indicating the presence of iron sulfides which demonstrates the likelihood of SRB. Alterna-

tively, 2 out of 69 showed the presence of SRB in healthy non-orthodontic participants

(controls). Desulfovibrio spp was confirmed by analyses of 16sRNA sequencing, which

revealed that the SRB prevalence was 20% in the examined participants with orthodontic

appliances.
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Conclusions: The prevalence of SRB was found to be significantly higher amongst orthodon-

tic patients compared to non-orthodontic participants. Presence of stainless steel in the

oral environment may have facilitated the colonisation of SRB.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction

Orthodontics uses wires and brackets to exert physiologic

forces to correct malocclusions.1 It is estimated that approxi-

mately 25% to 53% of people worldwide need orthodontic

treatment at some point in their life.2,3 In spite of the popular-

ity of clear aligners, fixed orthodontic metal appliances

remain a mainstay of most orthodontic practices.4,5 Efficient

orthodontic treatment is predicated on unimpaired force

application through wires and brackets. Alternatively, treat-

ment efficiency can be affected by oral ecological conditions.

Microbiological corrosion of dental alloys in the oral cavity is

a fairly well-known phenomenon.6 Corrosion can weaken the

parts of a fixed orthodontic appliance, damaging them and

causing deterioration in its mechanical properties, and

resulting in breakages and a longer treatment time.7,8

A wide microbial profile is evident on fixed orthodontic

appliances during treatment.9 The mouth is host to more than

700 different bacterial species forming a complex microflora,

with each individual’s oral microbiome being unique at the

species level. Sulfate-reducing bacteria (SRB) are a group of

microorganisms responsible for the oxidation of sulfur com-

pounds from the surrounding environment.10 They are com-

monly found in the gastrointestinal tracts of animals and

human.11 They are believed to be a part of the oral microflora,

yet their exact composition in the oral ecology remains unclear.

There are more than 2 dozen genera of SRB including Desulfovi-

brio, Desulfomonas, Desulfobacter, and Desulfomena. Desulfovibrio

desulfuricans have been detected commonly in the oral cavity.12

SRB are believed to be involved in destructive periodontal dis-

eases.13 The evidence tying SRB to microbiological corrosion is

incontrovertible.14,15 Biofilms formed by the SRB can accelerate

corrosion by its metabolites or its by-products within a gelati-

nous matrix that adheres to the metal interface.16 Previous

studies have shown the microbiological corrosive activity of D

desulfuricans in endodontic files17 and stainless steel.18

Orthodontic literature has little definitive research exam-

ining oral microbiological corrosion of metal brackets and

wires used in patients. Several classes of microorganisms

including bacteria, fungi, and algae showed potential to cor-

rode metals. Amongst these, SRB play a significant role in the

corrosion process.19 SRB access their energy for growth

through reduction of sulfate to sulfide (hydrogen sulfide)

using electrons from hydrogen present in the environment.

Two mechanisms of corrosion are suggested: the undissoci-

ated protons in Hydrogen Sulfide accept protons from iron

causing corrosion by chemical means.20 Second, SRB utilise

electrons from iron by direct uptake through electrical means

as the source of reducing equivalents for sulfate reduction.21

Iron can easily corrode in a cast form or stainless steel

form, both under aerobic and anaerobic conditions, due to its

ability to give off electrons very easily.22 With its potential in
causing corrosion of iron under favourable conditions,

research has generally focussed on biocorrosion due to SRB in

the context of pipeline industries.23 To date, microbiological

corrosion in orthodontic patients has received scant atten-

tion. There have been no attempts to examine the prevalence

of biocorrosion-causing bacteria in the oral cavity. Hence,

this study sought to assess the prevalence of oral SRB in a

group of patients wearing fixed orthodontic appliances and a

control group not undergoing such treatment.
Materials andmethods

Participant selection

The study was conducted following the Declaration of Hel-

sinki and was approved by the Institutional Ethics Review

Board of Sri Venkateswara Dental College and Hospital, Chen-

nai, India (IEC/SVDCH/1906). Informed consent was obtained

from all participants involved in the study. Sample size was

calculated based on Willis et al.24 A total of 138 participants

(69; male = 36, female = 33) undergoing orthodontic treatment

and 69 controls (male = 34, female = 35) were recruited for

this study based on simple random sampling method by fol-

lowing inclusion and exclusion criteria. Inclusion criteria

were as follows: (1) Adolescent or young adult age (10−35
years) and (2) good oral hygiene assessed based on oral

hygiene index score (ranging between 0 and 1.2). (3) For the

orthodontic treatment group, the participants were treated

with stainless steel metal braces (Victory series, 3M) and

wires (G&H Wires), and levelling wires were to be stainless

steel. (4) Finally, participants should be under orthodontic

treatment for at least 6 months, as the establishment of any

bacterial population takes a minimum of 6 months.25 Exclu-

sion criteria include the following: (1) patients with gingivitis

and/or periodontal diseases; (2) patients with systemic dis-

ease or under treatment including antibiotics, antiseptic

mouth rinses, and periodontal issues and patients under sys-

temic medications which might affect salivary flow or com-

position. (3) Those with orthodontic treatment other than

stainless steel brackets were excluded. All screening exami-

nation was performed by the dental practitioners. Each par-

ticipant was examined by 3 practitioners to avoid subjective

decisions on the participant oral/dental status. Practitioners

were blinded to the decisions of other practitioners, and if

there was a difference in opinion it would be resolved by fur-

ther assessment by a fourth examiner (this did not happen in

our case). All 138 samples were collected within a period of 1

to 2 weeks. Average age of the control group was 22 § 1.7

years; for the treatment group, who received treatment for 19

§ 9 months, average age was 18.7 § 4.8 years. Informed con-

sent was obtained from all participants. The participants

http://creativecommons.org/licenses/by-nc-nd/4.0/
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were given proper oral hygiene instructions before introduc-

tion into the study. Hygiene instructions and their signifi-

cance were reinforced at every visit to avoid the influence of

periodontal disease on the prevalence of SRB.

Sample collection

Samples were collected from each individual using steri-

lised cotton buds and a curette from numerous locations,

including anterior and posterior palate, buccal and vestib-

ular mucosa just above the parotid duct opening, dorsum

of the tongue, supra, and subgingival sites. Further, the

samples of each person at numerous sites were pooled to

conduct a microbiological examination.

Medium preparation

A collection medium was prepared by suspending 25.4 g of sul-

fate in American petroleum institute (API) agar following the

manufacturer recommendation (Himedia) containing 1000 mL

of purified distilled water. Then, 4 mL of sodium lactate was

added and the mixture was brought to a boiling temperature to

ensure complete dissolution of the material. Following that,

1.5 mL of the mixture was distributed equally to 138 (69 treated

and 69 control) screw cap tubes and autoclaved at 12 °C at 15

pounds’ pressure for 10 minutes. All samples were processed at

the Department of Microbiology, Madras Veterinary College,

Chennai, India, for bacterial identification. The collected sample

was immediately placed in the screw cap tubes with a reducing

medium. Subsequently, samples were transferred to the culture

medium containing sulfate API agar with 14 g/L of agar for the

cultivation of pure colonies. Samples inoculated in separate

tubes with the selective medium are incubated at 30 °C for

28 days and observed for the appearance of characteristic black

colonies. The colonies were further confirmed through genus-

specific polymerase chain reaction (PCR).

DNA extraction and purification from cultures

From the colonies that turned black, we randomly picked 3

regions for further molecular analysis. DNA was extracted using

themethod described by Queipo-Ortuno et al with certainmodi-

fications (the centrifuge time was increased to 15 minutes and

bacterial pellet was washed twice with phosphate-buffered

saline [PBS] to obtain pure culture).26 Overnight bacterial cul-

tures were centrifuged at 6000 rpm for 10 minutes at room tem-

perature. The bacterial pellet was washed twice by

resuspending in 5 mL of PBS at 6000 rpm for 10 minutes at room

temperature. Then the bacterial pellet was resuspended in 100

mL of nuclease-free water and boiled at 100 °C in a water bath

for 10 minutes and snap chilled on ice for 5 minutes. The lysate

was centrifuged at 12,000 rpm for 10 minutes, and the superna-

tant was collected and stored at�20 °C until further use.

Polymerase chain reaction

Genus-specific PCR was performed using a modified method

described by Fite et al27 with the primer sequences

(forward (DSV691-F):5’-CCGTAGATATCTGGAGGAACATCAG-3’

and reverse (DSV826-R):5’-ACATCTAGCATCCATCGTTTACAGC-
3’) by following the PCR condition to confirmpresence ofDesulfo-

vibrio genus in the samples.27 Additionally, the PCR for bacterial

16S rRNA using universal primers (16S-For: 50-AGAGTTTGA-
TYMTGGCTCAG-3’ and 16S-Rev: 5’-GYTACCTTGTTACGACTT-3’)

was performed following the usual PCR cyclic conditions. The

reaction mixture was prepared containing master mix (25 mL),

forward (1 mL), and reverses primers (1 mL) and sample DNA (5

mL) with the nuclease free water tomake the total volume 50 mL.

Then it was placed in a PCR thermal cycle machine for initial

denaturation at 95 °C for 5minutes followed by cyclical denatur-

ation, annealing (55 °C), and extension (72 °C) lasting 10minutes.

Simultaneously, the PCR products were sequenced using the

Sanger sequencingmethod for the 7 randomly selected samples

of amplified product of bacterial 16S rRNA. The obtained 16S

rRNA sequences were compared to those already in

GenBank (www.ncbi.nlm.nih.gov).

Statistical analysis

The statistical analysis for the prevalence data obtained from

this experiment was carried out using SPSS software version

21. Further, we use chi-square test to determine the differen-

ces in SRB prevalence based on age, sex, and duration

(months) within the orthodontic treatment group.
Results

Biochemical assessment of SRBs

The media was visually analysed for the colour change with

black precipitates dispersed throughout the medium. The

blackening indicated the presence of iron sulfide. The iron in

the API medium binds with sulfides formed by SRBs as a

result of their reducing process leading to the formation of

iron sulfide. Samples were taken from the grow pure cultures

for DNA extraction. We were able to see pure characteristic

black colonies during the process (Figure 1A). Amongst 69

participants in the orthodontic treatment group, the charac-

teristic black precipitates developed in 14. However, from 69

control participants in the non-orthodontic treatment group,

2 were observed to have black precipitates.

Molecular identification

The genomic DNA was extracted from the grown pure cul-

tures. Qualitative and quantitative analysis of the DNA was

performed in Thermo Scientific NanoDropTM 2000 and

revealed that the absorbance ratio of 260/280 was in the range

of 1.75 to 1.85; thus, extracted genomic DNA was free from

any other contamination. The concentration of genomic DNA

was in the range of 560 to 730 mg/mL. We performed conven-

tional PCR to establish the presence of SRB in the oral envi-

ronment of the orthodontic treatment group (Figure 1B). All

PCR products from the pure culture showed the presence of

Desulfovibrio genus by gel electrophoresis. Further, DNA

amplification based on universal 16S rRNA and subsequent

sequencing confirmed the presence of SRB specific to D desul-

furicans, D piger, and D fairfieldensis based on the identify in

the existing database at GenBank. The obtained sequences

http://www.ncbi.nlm.nih.gov


Fig. 1 –A, Characteristic black colonies presenting the likeli-

hood of sulfate-reducing bacteria (SRB). B, polymerase chain

reaction (PCR) products from the pure culture showing the

presence ofDesulfovibrio genus by gel electrophoresis. The

PCRproduct (Lane 3 and5 showingDesulfovibrio spp specific

product size of 135 bp. Lane7: Positive control andM: 100 bp

DNALadder.

Fig. 2 –Bar chart for sex-based associationof SRBprevalence.

Fig. 3 –Bar chart for age-based association of SRB prevalence
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were submitted to the NCBI GenBank repository, which can

be accessed using the accession numbers ON183261,

ON183262, and ON183263. Overall, using genus-level primers,

the samples were detected with Desulfovibrio, whilst
Table – Subgroup analysis based on sex, age, and orthodontic tr

Parameter Subgroup Absence of Des
genus (N)

Sex Male 31

Female 24

Age group (years) 10−14 10

15−19 23

20−24 18

>25 4

Months into orthodontic treatment <10 4

10−19 31

20−29 13

30−39 4

>40 3
sequencing and matching with the database Desulfovibrio spp

have been determined in the samples.
Subgroup analysis

Significant changes in SRB prevalence based on sex, age, and

treatment duration were assessed using the chi-square test.

The analysis revealed no significant difference in the preva-

lence percentage amongst sex, age, or months of treatment

(Table, Figure 2-4).
Discussion

Corrosion is the gradual destruction of any metal due to envi-

ronmental conditions leading to deterioration in material
eatment duration.

ulfovibrio Presence Desulfovibrio
genus (N)

x2 value P value

5 1.90 .167

9

2 0.79 .85

6

4

2

1 1.17 .88

6

4

2

1



Fig. 4 –Bar chart for treatment duration and the association

of sulfate-reducing bacteria prevalence.
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properties and appearance.28 In the wider world, microbial

corrosion has huge economic consequences.29 Several micro-

organisms including SRB in the oral cavity have been impli-

cated in the corrosion of dental materials.6 This study

examined the prevalence of SRB in the oral cavity of ortho-

dontic patients, which is one of the causative factors for cor-

rosion of orthodontic wires and brackets made with stainless

steel. Our results found evidence for the presence of SRB,

with a prevalence of 20% in the oral cavity of patients who

underwent orthodontic treatment. However, only a 2.89%

prevalence was seen in the control group. Results were based

on sequential analysis from (1) the biochemical analysis to

test the presence of SRB evident due to the dark-coloured iron

sulfide precipitates as a result of bacterial metabolism. Fur-

ther, (2) molecular analysis based on PCR and DNA sequenc-

ing revealed prevalence of Desulfovibrio spp in the samples.

-Desulfovibrio is a Gram-negative SRB implicated in metal

corrosion.30 The stainless steel metal surface of orthodontic

brackets can provide iron atoms that can combine with the

sulfide ions created by the reduction of sulfates to sulfides by

SRBs, resulting in the formation of iron sulfide.31 Produced

sulfide acts on the layer of stainless steel, dissolving it into

metallic ions taken up by the SRB.32 Geesey et al examined

the action of SRB on stainless steel using electron microscopy

and found that the bacterial action can penetrate up to a

depth of 2 to 5 nm.33 Deng et al recently demonstrated that

iron sulfide functions as an excellent electron conductor,

playing a role in microbial energy production.34 Particularly,

Desulfovibrio is said to weaken the passive metallic layer on

the surface of stainless steel through the dissolution of the

ions.34 These ions appear to have a effect on the metabolism

of the SRB, enhancing microbiologic corrosion.32 Additionally,

the prevalence of SRB in the oral cavity of orthodontic

patients is significant and has wider implications on oral

health. The higher prevalence of SRB is concerning because

their metabolic by-products such as hydrogen sulfide can

cause cellular damage, contributing to the initialisation and

propagation of periodontal disease.13 Particularly, SRB are

implicated in oral malodor due to their release of volatile sul-

fur compounds (VSCs).35 Besides resulting in halitosis, these

VSCs may contribute to the aetiology of gingivitis and

periodontitis.36

Given its proven potential in causing corrosion and oral

pathologic effect,25 the confirmed prevalence of SRB in
orthodontic patients raises concern. Our study found a preva-

lence of 20% SRB in orthodontic and 2.89% in non-orthodontic

samples examined. Most existing research on the prevalence

of SRB is confined to spheres of periodontal disease and gas-

trointestinal diseases. Although we have not tested corrosion,

we try to establish that our results are partly in agreement

with a previous study by Heggendorn et al, who found a prev-

alence of 29.7% of SRB in the oral microbiome of a random

sampling of individuals.37 Similarly, our findings are consis-

tent with previous work by Langendijk et al, who found that

64% of patients presented with SRB in cases of gingivitis and

pocket formation.13 Langendijk-Genevaux et al found that

elimination of the SRB through mechanical periodontal

treatment led to appreciable clinical improvement.38

Mechanical debridement through scaling and root plan-

ning effectively eliminated up to 89% of the SRB at 95% of

the sites.38 This is in accord with evidence that oral health

promotion through effective prophylaxis and plaque oral

biofilm control can lead to better orthodontic and peri-

odontal treatment outcomes.39,40

Overall, our study provides benefit in elucidating the

prevalence of SRB in patients that contributes to corrosion

of orthodontic metals. It is important to acknowledge the

advantages of this study and that this is the first study to

undertake an analysis of the prevalence of SRB in ortho-

dontic patients. Also, it provides evidence based on 16S

rRNA sequences (submitted to the GenBank repository)

that indicate the presence of Desulfovibrio spp. Alterna-

tively, there are few limitations1: We have not analysed

corrosion by SRB or its toxicity. However, published litera-

ture on the ions associated with metal corrosion and its

toxicity have been discussed. Finally, this study can be

extended in the future by addressing the prevalence of

SRB in orthodontic metals made from other materials. The

material properties of an orthodontic bracket and wire are

fundamental to their effectiveness. Formation of SRB bio-

films on these might lead to degradation of the material

over time, altering treatment duration and efficiency.

Hence, a deeper understanding of the effects of microbio-

logical corrosion of orthodontic appliances is warranted

through further studies.
Conclusions

The present study set out to establish the prevalence of SRB

in the oral cavity of orthodontic patients. We identified that

SRB have a prevalence of 20% in orthodontic patients. The

samples developed black precipitates that are characteristic

of iron sulfides formed from bacterial metabolism. Further

research on the biochemical functions and complex interplay

amongst SRB, iron sulfides, and dental materials is needed to

prove the corrosion of orthodontic materials and also to

develop strategies to prevent microbiological corrosion in the

oral cavity.
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