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ABSTRACT 

 

A total of 40 samples from 20 Patients ready to begin orthodontic treatment at the clinics of Riyadh 

Colleges of Dentistry were included in the study. The aim of the present study was to examine changes in 

periodontal health in subjects during orthodontic treatment and to assess the variation, if any, in Bacterial 

species especially Actinomyces species in presence of fixed orthodontic appliances.. Clinical parameters and 

pooled sub-gingival microbial samples were taken from four sites of lower left central incisor (#41), and upper 

right first molar (#16) before (T1) and 3month after bracket placement (T2) for each patient. Isolation of the 

bacterial, growth mediums was used: Colombia Blood Agar, Trypticase Soy Agar, and Brain Heart Infusion 

Agar. The serial dilution method was used to determine the concentration of bacteria (CFU/mL). Criteria used to 

evaluate these media included relative numbers, as well as size, pigment and appearance of the colonies. Growth 

on these media was compared under anaerobic conditions versus aerobic conditions or facultative. The mean 

plaque index was (1.15, 1.40).After three month of having orthodontic appliance in place, plaque index was 

higher (1.9, 2.10). A similar result was seen regarding gingival index at T1 and T2. Probing pocket depth 

measurement showed mild increase in measurement at T2 in both anterior and posterior teeth. Increased aerobic 

and anaerobic CFU/sample number was observed at T2 of anterior teeth, in the aerobic bacteria the number 

increased from (1.40E+06) to (2.02E+06), the anaerobic bacteria also increased from (7.44E+05) to (9.70E+05). 

These results are statistically significant. A similar result was seen in the posterior teeth .For microbiologic 

results for all patient examined facultative aerobic bacterial count was higher than anaerobic in both anterior and 

posterior teeth. The most commonly encountered bacteria was Anaerobic Streptococcal spp (Gram positive 

diplococcic), followed by Actinomyces spp. Conclusions: The results of this study confirm the fact that 

treatment with fixed appliances may increase the growth of pathogenic bacteria and anaerobes. The presence of 

high level of Actinomyces spp, is a risk factor for initiation and progression of gingival inflammation 

 

Key words: Actinomyces viscosus, Actinomyces israelii, Actinomyces naeslundii subgingival microbial samples 
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Introduction 

 

Dental plaque is a highly complex organization in a bio-film structure that provides nutrients and protection 

for periodontopathic bacteria. (Betancourt et al., 2004). The presence of fixed appliances influences plaque 

accumulation and the colonization of important periodontopathic bacteria. (Gastel et al, 2008). The introduction 

of fixed orthodontic appliances into the oral cavity in the form of orthodontic bands and resin-bonded 

attachments often evoke a local soft-tissue response inconsistent with health or esthetic treatment goals. The 

effects seen clinically following the insertion of orthodontic appliances into the oral cavity can contribute to 

chronic infection, inflammatory hyperplasia, gingival recession, irreversible loss of attachment .(Krishnan et al., 

2007). Study of Ristic et al., 2007 revealed that of both clinical and microbiological parameters started to 

increase after the placement of fixed appliances. Maximum values were reached 3 months after fixed appliance 

placement. Lee et al., 2005 detected and compared the presence of periodontopathogens in the subgingival 

plaques of gingivitis lesions in adults who used fixed orthodontic appliances, as opposed to adults who did not 

wear any orthodontic appliances. The investigators found that T. forsythia, T. denticola, and P. nigrescens were 

significantly more common in the samples obtained from the orthodontic patients than in the samples obtained 

from the non-orthodontic controls. Lo Bue et al., 2007, studied subgingival plaque samples from all first molars. 
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Clinical results showed that the mean plque index score (PI) was significantly increased after two weeks (T2) 

Surprisingly the PI score progressively decreased at T4. Microbiological changes were observed at different 

collection time points. At T1 facultative aerobic species such as Streptococcus species Actinomyces 

odontolyticus, Actinomyces israelii were the most frequently detected.  At T4 Actinomyces species (A. 

odontolyticus and A. israelii) and Streptococcus species were again the most representative microorganisms in 

sub-gingival plaque. Vizitiu & Lonescu, 2010 evaluated the changes of the oral microbial flora during the first 3 

months of orthodontic treatment. . An increased aerobic and anaerobic CFU/sample was observed. Regarding 

the anaerobic bacteria, the percentage increased from 37.5% to 40%, the lactobacilli and oral streptococci 

species were dominant among bacterial strains. The Actinomyces constitute a significant proportion of the 

complex microbial flora that inhabits the human oral cavity .The facultative aerobic species, Actinomyces 

viscosus and Actinomyces naeslundii, have become the subject of increasing study because of their suspected 

role in periodontal infections. (Zylbert & Jordan, 1982). 

The aims of the present study are to examine changes in periodontal health in subjects during orthodontic 

treatment and to assess the variation, if any, in Bacterial species especially Actinomyces species in presence of 

fixed orthodontic appliances. 

 

Materials and Methods 

 

This study was approved by the Ethics Committee of the Riyadh Colleges of Dentistry and Pharmacy 

(RCsDP). The exact procedures were explained to all patients who signed informed consent before participation. 

The study was conducted in dental clinics of the Riyadh Colleges of Dentistry and Pharmacy. Twenty patients 

of both genders were included with equal distribution (10 males and 10 females). All subjects had bands 

cemented with polyacidic modified composite resin on first molars of both dentition and brackets(Miniature 

Twin metal brackets 0.022(0.56mm) Roth Rx, cuspid &bicuspid hooks 3m unitek) bonded in all teeth 

with(Ortho solo, universal bond enhancer composite resin. Users of systemic or sub-gingival antimicrobials or 

anti-inflammatory drugs within 3 months before the start of the investigation were excluded from the study.  

Users of systemic medication for chronic diseases or having any systemic disorder, Smokers, and patients who 

received periodontal treatment within 3 months before the start of the investigation were also excluded from the 

study. Participants were given same OHI of 3time brushing using bi-level soft brushes with fluoride tooth paste 

and flossing. Examination was performed twice, before placement of orthodontic appliance (T1) and after three 

month of having appliance in place (T2). The following index teeth were included, the lower right central 

incisor (#41) and the upper right first molar (#16) .The clinical parameters recorded included, Probing pocket 

Depths (PPD), Bleeding index, of Loe and Silness (1963), and the Plaque Index of Loe and Silness (1964) 

.Subgingival microbial samples were taken from the Proximal, buccal, and lingual sites after isolation and 

removal of supragingival plaque. Sterile paper points were inserted to the bottom of the periodontal sulcus and 

kept in place for 30 seconds. The paper points were pooled in screw-cap vials containing normal saline. Samples 

were sent within one hour to microbiology laboratory of RCsDP. The specimen then was diluted by tenfold 

serial dilution, 0.1 ml from each diluted sample (10-3, 10-4, 10-5, 10-6) were prepared in 0.05% yeast extract 

broth (Difco), and appropriate dilutions were spread in duplicate  plates of tryptic soy agar (Difco) containing 

5.0% sheep blood and Columbia CNA agar (Difco) containing 20.0 mg of 3CdSO4 8H2O per ml. Each 

specimen was inoculated directly onto solid media and streaked out into two Columbia blood agar plates one 

containing Gentamycin with Metronidazole for the growth of anaerobic Actinomyces spp , while the other was 

only Columbia blood agar without any additive for the growth of facultative aerobic Actinomyces spp. Both 

were incubated at 37°c for 24 to 48 hours for the facultative aerobic culture plates, and after 7 days for the 

anaerobic plates. After incubation, the developed colonies were morphologically examined with the help of the 

identification table of anaerobic bacteria.Organisms were identified to Genus level, except for non –spore-

forming obligate anaerobes, which was identified on the basis of the gram stain result. Samples were examined 

under the microscope. The results of the Gram-stained samples were Gram-positive rods, pleomorphic rods, 

filaments, and coccobacilli. 

 

Statistical Analysis: 

 

Statistical analyses included descriptive statistical parameters, Data were analyzed by using the SPSS 

statistical package (version 18.0), the data were expressed as means. Comparisons between groups were carried 

out using wilcoxeons rank sum test on the differences between baseline and 3mounthes. A probability of p ˂ 

0.05 was accepted to reject the null hypothesis.  
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Results: 

 

Clinical results at baseline before placement of orthodontic appliance (T1) showed that all participants had 

dental plaque. The mean plaque index in the anterior teeth was (1.15). After three month of having orthodontic 

appliance in place, plaque index was higher (1.9) Table (1)  

The mean plaque index in posterior teeth was (1.40), after three month plaque index was also higher (2.10) 

Table (2). There was significant difference between time intervals in PI scores at both anterior (p=0.001), and 

posterior (p=0.000) teeth. Some patients demonstrate more accumulation of bacterial plaque after three month of 

having orthodontic appliance. Regarding gingival index, mean gingival index increased from (1.25) to (2.05) in 

the incisors region, while in the posterior increased from (1.45) to (2.10), the result was also statistically 

significant. Probing pocket depth measurement showed slight increase in measurement from (1.5) to (2.1)  in 

anterior teeth and from (2.25) to (2.50) posterior teeth. Table (1&2) 

 
Table 2:  T1 and T2 values for clinical parameters (Tooth No. 41) 

#41 T1/mean T1/SD T2/mean T2/SD P-value 

PI 
1.15 .813 1.9 .718 0.001 

GI 
1.25 .786 2.05 .826 .000 

PD 
1.5 .688 2.1 .718 0.001 

 

Table 3: T1 and T2 for clinical parameters (Tooth No. 16) 

#16 T1/mean T1/SD T2/mean T2/SD P-value 

PI 1.40 .503 2.10 .641 .000 

GI 1.45 .605 2.10 .718 .000 

PD 
2.25 .444 2.50 .513 .025 

 

An increased in aerobic and anaerobic CFU/sample number was observed after 3month of wearing 

orthodontic appliance for anterior teeth, the aerobic bacterial number  increased from(1.20E+05) to become 

(2.30E+05), the anaerobic also increased from (8.00E+04) to (1.05E+05).table (4) 

 
Table 3: T1 and T2 values for microbial count (anterior teeth)  

#41 aerobic/facultative anaerobic 

T1/median 1.20E+05 8.00E+04 

T2/median 2.30E+05 1.05E+05 

P- value .001 .000 

 

A similar result was seen regarding aerobic and anaerobic CFU/sample numbers for the posterior teeth. The 

aerobic bacterial number increased from (1.60E+05) to become (2.80E+05), the anaerobic also increased from 

(3.15E+05) to (4.80E+05).  Table (8) 

The deference found to be significant in the CFU/ml for both aerobic and non aerobic bacteria in the 

anterior teeth as well as the posterior teeth. Table (4&5) 

 
Table 4: T1 and T2 values for microbial count CFU/ml (posterior teeth)  

#16 aerobic/facultative anaerobic 

T1/median 1.60E+05 3.15E+05 

T2/median 2.80E+05 4.80E+05 

p-value .000 .000 

 

Microbiologic analysis of sub-gingival plaque sample disclosed different bacterial species including both 

facultative aerobic and anaerobic bacteria. In the anterior teeth the facultative aerobic bacterial count was higher 

than anaerobic, while in posterior teeth the anaerobic bacteria was higher. The most commonly encountered 

bacteria was Anaerobic gram positive Streptococcal spp (Fig 4), followed by, Actinomyces spp such as gram 

positive facultative anaerobic (Actinomyces viscosus) & Gram positive anaerobic rods (Actinomyces naesulandi) 

(fig 4&5). 
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Fig. 4: Gram positive Streptococcal spp                          Fig. 5: Gram positive filamentous 

            (facultative aerobic)                                                          (anaerobic Actinomyces viscosus) 

 

 
 

Fig 6: Gram positive rods (anaerobic Actinomyces nauslundi) 

 

The Streptococcal spp decreased from 27% to 19% in facultative aerobic conditions after the three month 

interval, while Actinomyces spp increased during that period from 37% to41%, Antinomies viscosus from 16% 

to17%, and Actinomyces israelli from 22% to 23%. In the aerobic condition Streptococcal spp decreased 

significantly from 26% to 12%, while all Actinomyces spp increased significantly after three month interval. 

Detailed distribution of bacterial species are represented in percentage by the pie chart to compare facultative 

aerobic bacteria (Fig 7&8), and anaerobic bacteria (Fig 9&10) at different time interval T1&T2.  

 

  
 

Fig. 7: The percentage of Actinomyces spp versus Fig. 8: The percentage of Actinomyces spp versus       

Streptococcal spp. At T 1                                                  Streptococcal spp at   T2                                                                                                                                                                                                               
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Fig. 9: Distribution of anaerobic Actinomyces spp         Fig. 10: Distribution of anaerobic Actinomyces spp at T2 

     . at T1 

 

Mild Correlation between numbers of colony forming unites per milliliter (CFU/ml) for anaerobic bacteria 

and plaque index, probing pocket depth was found .Also mild Correlation was found between GI and PPD. On 

the other hand Strong correlation was found between GI and PI for all participants at T1. (Table 6). For all 

participants at T2, mild correlation of CFU/ml for anaerobic bacteria and plaque index was found, but there was 

a strong correlation between gingival index, plaque index and pocket depth. (Table7). 

 
Table 5: Correlation between variables at the base line T1 

Correlations 

  T1_PI T1GI T1PD T1_AN_AEROB T1_AEROBIC 

Spearman's 

rho 

T1_PI Correlation 

Coefficient 

1.000 .655 .392 .352 .089 

Sig. (2-tailed) . .000 .012 .026 

 

.583 

 

N 40 40 40 40 40 

T1GI Correlation 

Coefficient 

.655 1.000 .427 .290 -.010 

Sig. (2-tailed) .000 . .006 .069 .951 

 

N 40 40 40 40 40 

  

Table 6: Correlation between variables after three month T2 

Correlations 

  T2PI T2GI T2PD T2_AN_AER T2_AEROBIC 

Spearman's 

rho 

T2PI Correlation 

Coefficient 

1.000 .642 .581 .495 .357 

Sig. (2-tailed) . .000 .000 .001 .024 

N 40 40 40 40 40 

T2GI Correlation 

Coefficient 

.642 1.000 .612 .474 .229 

Sig. (2-tailed) .000 . .000 .002 .155 

N 40 40 40 40 40 

 

Discussion: 

 

It has been reported that orthodontic bands can compromise the periodontal health of the surrounding 

tissues. (Alexander, 1991).However, several studies reported only clinical changes without microbiological 

evaluation around orthodontic bands. (Sallum et al., 2006). Therefore, the aim of the present research was to 

examine changes in periodontal health in subjects during orthodontic treatment and to assess the variation, if 

any, in Bacterial species especially Actinomyces species in presence of fixed orthodontic appliances. Another 

study by (Deepak et al., 2013) studied prevalence of gingivitis among school children 9-12 years of age. The 

study concluded that prevalence of gingivitis among. According to (Ristic et al., 2008) Culturing micro-

organisms, the method used in this study remains an essential and central part of microbiology. Further, the best 

way to find out information about the physiology, capabilities and phylogenetic characteristics of 

microorganisms is to isolate and grow them in pure culture. The investigation was performed over a specific 

period of 3 months to ensure a maximum increase of periodontal and microbial parameters. This was done 



5494 
J. Appl. Sci. Res., 9(9): 5489-5496, 2013 

 

according to (Ristic et al., 2007). The collection of subgingival dental plaque samples was done prior to the 

placement of fixed appliances and 3 months after the beginning of orthodontic treatment. Maximum values for 

all parameters were reached 3 months after fixed appliance placement.  (Kim et al., 2012) evaluated changes in 

subgingival microbiota before and during the leveling and alignment orthodontic stage, Subgingival microbial 

samples were taken at baseline, before placement of orthodontic appliances (T1), and 1 week (T2), 3 months 

(T3), and 6 months after placement of orthodontic appliances (T4). The frequency of the change, representing 

microorganisms not existing at T1 but newly developing at T2, T3, and T4, was higher at the molars than at the 

incisors.  Result of the present study showed increase in both PI and GI between T1 and T2. This agrees with the 

result of (Cernochova et al., 2008) who stated that periodontal pathogens represent a significant risk not only for 

the periodontal disease but also for the patient’s general health. Orthodontic anomalies and their treatment with 

a fixed orthodontic appliance create favorable conditions for colonization of sub-gingival plaque with 

periodontal pathogens and their following invasion into the cells. In this study 80 % of the patients treated with 

a fixed orthodontic appliance and with clinical manifestations of plaque-induced gingivitis are bearers of 

periodontal pathogens in a quantity significant for the damage of periodontium. To treat these patients 

successfully, collaboration with a periodontist highly recommended. Clinical finding of the present research also 

showed increase in probing pocket depth measurement which is in accordance with results of (Gong & Ding, 

2011). The increase in probing pocket depths at gingivally inflamed sites might reflect the presence of pseudo-

pockets, which create an ecologic environment that favors a qualitative shift from a predominance of aerobic 

gram-positive cocci to more putative periodontal pathogens, anaerobic gram-negative species. (Krishnan et al., 

2007). This was also emphasized by (Ristic et al., 2008) who reported minimal values of clinical attachment 

level in their study and accordingly the increase of pocket probing depth was due to gingivitis and not the result 

of apical movement of epithelium insertion. This is also in agreement with (Glans et al., 2003) in their study; all 

patients had mild gingivitis before bonding (approximately 20% of the sites examined showed bleeding on 

probing). Although gingival bleeding during the first three months after bonding increased  from about 20% to 

24% which could not be considered clinically significant.  Furthermore, Naranjo et al., (2006) stated that 

Treatment with fixed buccal orthodontic appliances compromises oral health by increasing plaque formation 

that is associated with a worsening of clinical parameters such as BOP and PPD. In the current research, the 

clinical parameters and plaque samples were taken from first permanent incisor and first permanent molar. This 

was done according to, (Lo Bue et al., 2007), in their study they used first molar because it is the first permanent 

tooth to erupt, and that gives less erroroneous information on probing depth. The incisor was added to the 

present study because it erupts at the same time and it represent anterior area of the mouth.  Increase in probing 

pocket depth and amount of gingival inflammation observed in the present study was seen more in molars than 

in incisors.  The first molar showed higher rate of PPD, PI, GI, together with high bacteria count 

(CFU/mean).This was in agreement with the study of (Kim et al., 2012), who stated that the placement of 

orthodontic appliance affects the sub-gingival microbial composition even during the early period of orthodontic 

treatment increasing prevalence of periodontopathic bacteria specially in molar region. This could be a result of 

full banded orthodontic appliances that are commonly associated with bacterial plaque accumulation, and can 

compromise both the ability of the patient to effectively remove plaque, (Balenseifen & Madonia, 1970). Gastel 

et al., (2011) reported increased pocket depth due to pseudo pocket formation that means development of 

gingivitis after placement of bands and brackets. This was recorded at 18 weeks period. It was accompanied by 

increase in anaerobic microorganisms in bonded teeth, bonded teeth revealed less gingival inflammation and 

less increase in anaerobic organisms. Study also demonstrates significant reduction in aerobic organism that was 

more pronounced in banded than bonded teeth. 

Also, Al-Hamdany, (2003) evaluated the effect of orthodontic bands and metal brackets on the gingival 

health. The sample was composed of 15 randomly selected patients (5 males and 15 females) 11 to 17 years old. 

All patients were treated with edgewise fixed orthodontic appliances. Bands were cemented to upper and lower 

first molars and rest of teeth were bonded with composite. The teeth included in the study were upper right and 

lower left central incisors, the plaque index, the gingival index and pocket depths were used to measure the oral 

hygiene of the patients during six months period of fixed orthodontic treatment. The result indicated that 

orthodontic bands will provoke more periodontal changes than brackets. The most commonly isolated bacteria 

at T1, T2 samples of the present study were Actinomyces spp, and streptococcal species. A study in predominant 

evaluation microorganisms inhabiting gingival crevices affected with chronic gingivitis was carried out using 

roll tube culture technique found gram positive rods made up 26.1% of isolates. It was mainly Actinomyces 

naeslundii,  Actinomes israelii, while S mutans, and S. sanguis together made up 26.8% of cultivable organisms. 

(Slotes et al., 1978). The dominant bacterial species in dental plaque were found to be S. sanguis and S. mutans, 

at first colonization, they had week attachment to salivary glycoprotein, and then strong attachment is achieved 

by extracellular polymers of glucose. Increased population of Actinomyces spp. suggested cause effect 

relationship with gingivitis.  Also, gram- positive organisms including Actinomyces and streptococci spp. were 

found in high numbers with gingival inflammation. (Todar, 2008). Also, Orru et al., (2005) reported that 

orthodontic appliances can compromise the periodontal health of gingival tissue because of qualitative changes 
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in the microbiota that surround the orthodontic band. Our study showed similar result to the investigation of 

Vizitiu & lonescu, (2010) which observed an increase in the aerobic and anaerobic CFU/ml when measured 

after 3-months of wearing orthodontic appliance.  Also in the present study we found an increase in the isolation 

percentage of Actinomyces spp but a different situation was noted for oral streptococcus species in both 

facultative aerobic and anaerobic bacteria which had lower isolation in 3 month time period. In the present study 

a strong positive correlation was found between GI and PI. This is in accordance with (Schroeder & Riberro, 

2004) who concluded that gingivitis was found100% in the examined children aged 7-5 years and There was a 

positive correlation between the presence of dental plaque and gum inflammation stages. As for correlation 

between gingival and plaque indexes and CFU it was found that there is mild positive correlation with the 

anaerobic CFU of bacteria.This result agreed with the results of (Cardoso-silva et al., 2011).No direct 

relationship was found between GI, PI and the presence and quality of bacteria. In their study it was not possible 

to identify a specific bacterial species as one responsible for increased gingival and plaque indices. 

 

Conclusion:  

 

The results of this study support the evidence that treatment with fixed orthodontic appliances may increase 

the growth of pathogenic and anaerobic bacteria. The presence of high level of Actinomyces spp, is a risk factor 

for initiation and progression of gingival inflammation. Furthermore, strategies to maintain periodontal health 

during fixed orthodontic treatment should be developed and implemented. 
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