
EFFECT OF SMOKING ON THE PERI-IMPLANT BACTERIAL ECOLOGY 
 
 
 
 
 

 
 
 
 
 
 
 
 

Miss Maneerat Kuptanon 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

A Thesis Submitted in Partial Fulfillment of the Requirements  
for the Degree of Master of Science Program in Esthetic Restorative and Implant Dentistry 

Faculty of Dentistry Chulalongkorn University 
Academic Year 2012 

Copyright of Chulalongkorn University 
 

 
บทคดัยอ่และแฟ้มข้อมลูฉบบัเตม็ของวิทยานิพนธ์ตัง้แตปี่การศกึษา 2554 ท่ีให้บริการในคลงัปัญญาจฬุาฯ (CUIR) 

เป็นแฟ้มข้อมลูของนิสติเจ้าของวิทยานิพนธ์ท่ีสง่ผา่นทางบณัฑิตวิทยาลยั 

The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR) 

are the thesis authors' files submitted through the Graduate School. 



ผลของการสูบบุหร่ีต่อระบบนิเวศของแบคทเีรียรอบรากเทยีม 
 
 
 
 
 
 
 
 
 
 

นางสาวมณีรัตน์  คปุตานนท์ 

 
 
 
 
 

 
 

วิทยานิพนธ์นีเ้ป็นสว่นหนึง่ของการศกึษาตามหลกัสตูรปริญญาวิทยาศาสตรมหาบณัฑิต  
สาขาวิชาทนัตกรรมบรูณะเพ่ือความสวยงามและรากเทียม 

คณะทนัตแพทยศาสตร์ จฬุาลงกรณ์มหาวิทยาลยั 
ปีการศกึษา 2555 

ลขิสทิธ์ิของจฬุาลงกรณ์มหาวทิยาลยั 



Thesis Title Effect of Smoking on the Peri-implant Bacterial Ecology 

By Miss Maneerat Kuptanon 

Field of Study  Esthetic Restorative and Implant Dentistry 

Thesis Advisor Anjalee Vacharaksa, Ph.D. 
 
Accepted by the Faculty of Dentistry, Chulalongkorn University in Partial Fulfillment 

of the Requirements for the Master’s Degree 
 

 
                               ………………………………………….. Dean of the Faculty of Dentistry 
 (Assistant Professor Suchit Poolthong, Ph.D.) 
 
 
THESIS COMMITTEE 
 
                              ………………………………………….. Chairman 
 (Associate Professor Chalermpol Leevailoj) 
 
 
                              ………………………………………….. Thesis Advisor 
 (Anjalee Vacharaksa, Ph.D.) 
 
 
                              …………………………………………... External Examiner 
 (Somying Patntirapong, Ph.D.) 
 

 



iv 
 

มณีรัตน์  คปุตานนท์: ผลของการสบูบหุร่ีตอ่ระบบนิเวศของแบคทีเรียรอบรากเทียม. 
(EFFECT OF SMOKING ON THE PERI-IMPLANT BACTERIAL ECOLOGY) 
อ.ท่ีปรึกษาวิทยานิพนธ์: อ.ทพญ.ดร.อญัชลี  วชัรักษะ, 50 หน้า. 
 
วัตถุประสงค์ เพ่ือศกึษาแบคทีเรียก่อโรคปริทนัต์คือ พอร์ไฟโลโมนสั จินจิวาลิส ทรีโพนีมา 

เด็นติโคลา แทนเนอเรลลา ฟอร์ไซเทีย และพรีโวเทลลา อินเตอร์มีเดีย ในร่องปริทนัต์ปกตริอบราก
เทียมของคนสบูบหุร่ีและไมส่บูบหุร่ี 
วิธีทดลอง ผู้ ป่วยรากเทียมจะถกูคดัเลือกแบบสุม่และแบง่เป็นกลุม่คนสบูบหุร่ีจํานวน 7 คน และไม่
สบูบหุร่ีจํานวน 7 คน เชือ้โรครอบรากเทียมจะถกูซบัจากร่องเหงือกด้วยกระดาษปลายแหลมนํามา
สกดัดีเอ็นเอ และทดสอบปฏิกิริยาลกูโซพ่อลเิมอเรสด้วยไพรเมอร์ท่ีมีความจําเพาะตอ่แบคทีเรียทัง้  
4 ชนิด 
ผลการทดลอง เชือ้แบคทีเรียก่อโรคปริทนัต์ตรวจพบได้ในกลุม่คนสบูบหุร่ีเป็นสดัสว่นมากกวา่คนไม่

สบูบหุร่ี โดยตรวจพบเชือ้ทรีโพนีมา เด็นติโคลา ในกลุม่คนสบูบหุร่ีมากกวา่คนไมส่บูบหุร่ีอยา่งมี
นยัสําคญัทางสถิตด้ิวยการทดสอบฟิชเชอร์เอ็กแซคท์ท่ีระดบันยัสําคญั 0.029 และสดัสว่นปริมาณ
เชือ้ทรีโพนีมา เด็นติโคลาตอ่ปริมาณเชือ้แบคทีเรียทัง้หมดในกลุม่คนสบูบหุร่ีท่ีวดัได้มีคา่สงูกวา่กลุม่ 
คนไมส่บูบหุร่ีอยา่งมีนยัสําคญัทางสถิตด้ิวยการทดสอบแมนวิทนีย์ ยท่ีูระดบันยัสําคญั 0.026 
สรุปผลการทดลอง ผลการทดลองบง่ชีว้า่การสบูบหุร่ีเป็นปัจจยัท่ีมีอิทธิผลตอ่ระบบนิเวศของ

แบคทีเรียรอบรากเทียมและอตัราผลสําเร็จของการบรูณะด้วยรากเทียม 

 
 
 
 
 
สาขาวิชา ทนัตกรรมบรูณะเพ่ือความสวยงาม  ลายมือช่ือนิสติ.......................................... ..............  
               และทนัตกรรมรากเทียม                  ลายมือช่ือ อ.ท่ีปรึกษาวทิยานิพนธ์หลกั.......................... 
ปีการศกึษา 2555 



v 
 

## 5276156432: MAJOR ESTHETIC RESTORATIVE AND IMPLANT DENTISTRY 
KEYWORDS: smoking, periimplantitis, Oral Microbiota, Treponema denticola, the red 
complex bacteria 

MANEERAT KUPTANON: EFFECT OF SMOKING ON THE PERI-IMPLANT 
BACTERIAL ECOLOGY. ADVISOR: ANJALEE VACHARAKSA, DDS, Ph.D., 
50pp. 

 
 Objective To investigate periodontal pathogenic bacteria, Porphyromonas gingivalis, 
Treponema denticola, Tannerella forsythia, and Prevotella intermedia in the healthy peri-
implant sulci of smokers or nonsmokers using 16S rRNA-based PCR. 
Materials and Methods Patients who received implant-supported fixed partial prostheses 
were randomly selected and categorized in to smokers (n=7) and nonsmokers (n=7).Sterile 
paper points were used to collect submucosal samples from healthy peri-implant sulci, and 
then DNA was extracted. Endpoint and quantitative PCR were performed to identify 
Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia, Prevotella 
intermedia and total bacteria.  
Results The prevalence of periodontal pathogenic bacteria was higher in smoker with 
statistical significant different in Treponema denticola by Fisher’s exact test (p=0.029). 
Quantitative PCR showed the ratio of Treponema denticola to total bacteria were 
significantly higher in smokers when compared to nonsmokers by Mann-Whitney U Test 
(p=0.026). 
Conclusions These results suggested that smoking was the environmental factor that 
strongly influenced the peri-implant microbiota and success rate of the dental implant. 
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CHAPTER I 

INTRODUCTION 

 

Background and Rationale 

 The oral cavity is a habitat of the complex microbial community where they interact 

with their host and environment. Oral bacteria forms a biofilm, or the so-called dental 

plaque, by which may cause bacterial infection and inflammatory response of periodontal  

and peri-implant mucosal tissue. Periodontitis and periimplantitis show similar histological 

and clinical pathogenesis [1], and smoking is also one the risk factors contributing to the 

progression of both periodontitis and periimplantitis [2, 3]. However, it remains less clear 

how smoking involves in the bacterial-induced inflammation in the supporting tissue of teeth 

or dental implants. Several studies have shown that smoking affects on the composition of 

oral microbiota [4-6]. The composition shift of the bacterial biofilm around dental implants 

may promote the growth of putative pathogens as described in the ecology plaque 

hypothesis [7]. The putative periodontal pathogens, Porphyromonas gingivalis (P. 

gingivalis), Treponema denticola (T. denticola), and Tannerella forsythia (T. forsythia), 

known as the red complex, and Prevotella intermedia (P. intermedia) shown in the orange 

complex [8], might play a role in the inflammatory destruction of tooth and dental implant 
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supporting tissue [1]. In this study, we investigated whether smoking affected on the peri-

implant microbiota, and caused the increase of putative pathogens. This finding may 

suggest the environmental-related mechanism that involved in the destructive inflammatory 

responses in periimplantitis. 

Research Questions 

Whether smoking increases the prevalence of P. gingivalis, T. denticola, T. forsythia and 

P. intermedia in the submucosal peri-implant microbiota 

Research Objectives 

To detect the prevalence of P. gingivalis, T. denticola, T. forsythia and P. intermedia in the 

peri-implant sulci of smokers and nonsmokers using 16S rRNA-based PCR 

Hypothesis 

Null hypothesis 

- There is no significant difference in the prevalence of P. gingivalis, T. denticola,  

T. forsythia and P. intermedia in smokers and nonsmokers. 

Alternative hypothesis 

- There is a significant difference in the prevalence of P. gingivalis, T. denticola,  

T. forsythia and P. intermedia in smokers and nonsmokers. 

Keywords 

smoking, periimplantitis, Oral Microbiota, Treponema denticola, the red complex bacteria 
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Research design 

Cross sectional analytical study 

Population:   Smokers and nonsmokers who received implant-supported fixed  

                                        partial prostheses at Faculty of Dentistry, Chulalongkorn University 

                                        or Police Hospital, Bangkok, Thailand from year 1998 to 2011. 

Intervention:     None 

Outcome measurement: The prevalence of P. gingivalis, T. denticola, T. forsythia and 

                                 P. intermedia in smokers and nonsmokers. 
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CHAPTER II 

LITERATURE REVIEW 

 

The microbiota was the living microorganisms that resided symbiotically within the 

human body including the oral cavity. The microbiota played an important role to maintain 

microbial balance at the mucosal tissue for the health of its host [9].  Although the 

microbiota included bacteria, fungi, viruses, and archeae, bacteria were the majority in the 

oral microbial ecology [10, 11].  Disturbance of the bacterial ecology may influence some 

oral health problems [11].  Non-pathogenic bacteria could provide a natural competitive 

barrier against pathogen colonization and invasion at the mucosal surfaces using specific 

mechanisms such as disrupting the lipid membrane of pathogenic microbes [12], or 

reducing the permeability of the epithelium [13]. The commensal bacteria were shown to 

promote barrier integrity and reverse adverse effects of pathogens at the mucosal surfaces 

of the gastrointestinal tract [13]. In addition, the presence of non-pathogenic bacteria might 

stimulate and maintain the host innate and adaptive immune responses at readily state for 

preventing pathogenic microbes [9]. Host and oral bacteria maintained mutual relationship 

at the oral mucosa. Host immune system balanced a number of commensals and 

pathogens at the healthy level. Hundreds bacterial species predominately with gram-
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positive bacteria such as Streptococcus, Actinomyces and others were associated with 

healthy periodontal sites [14, 15]. Internal or external influences, for example hormone 

changes, contacts to tobacco, or regular use of antibiotics, might alter healthy oral bacterial 

composition and disturbed the balance of host and microorganisms ecosystem [16]. 

 The plaque-induced pathological conditions involved inflammatory responses to the 

persistent bacterial infections of periodontal tissue [17]. Periodontal disease onset and 

progression were thought to result from the accumulating of dental plaque as this might be 

referred to ‘the non-specific plaque hypothesis’ [18]. However, several evidences had 

shown that considerable amount of dental plaque or calculus did not necessarily cause 

destructive periodontal disease in many individuals.  Localized destructive periodontitis had 

developed in the proximity with healthy adjacent periodontal tissue.  These observations led 

to another hypothesis called ‘the specific plaque hypothesis’ which recently became more 

popular.  The specific plaque hypothesis suggested that neither all bacteria in dental 

plaque were equally pathogenic nor share similar responsibility to develop periodontal 

diseases. Therefore, certain bacterial species implicated as pathogens in periodontal 

infections [19, 20]. 

 Socransky et al. [8] classified subgingival bacteria into five major complexes. The 

periodontitis-associating complexes were the red complex consisting T. forsythia,             
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P. gingivalis and T. denticola and the orange complex consisting F. nucleatum, F. 

periodonticum, P. intermedia, P. nigrescens and P. micros (Figure 1). Interestingly, 

colonization of these pathogens could be observed within healthy oral sites. 

 

Figure 1. Major microbial complexes in subgingival plaque [8] 

Thus, the questions were raised how the pathogens increased and dominated the 

bacterial ecology in the periodontal diseases. In the attempt to answer these questions, the 

ecological plaque hypothesis was proposed that the commensals might shift to pathogenic 

relationship with hosts due to factors that trigger a shift in the proportions of oral microbiota 

[7]. Despite the fact that pathogen infections caused periodontal diseases, the host 

inflammatory responses were also responsible for the destructive consequences of the 

periodontium [21]. Therefore, variety bacterial composition could differentially influence host 
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factors that lead to altered environmental conditions. The ecological plaque hypothesis 

additionally accommodated contributions from bacteria, host, and altered ecology in 

developing pathological process.  

The success of dental implant is depend on integration between implant and oral 

hard and soft tissue [22]. There are many etiologic factors that can compromise implant-

tissue integration and cause tissue inflammation or bone loss such as surgical trauma, 

microgap, occlusal overload, and periimplantitis [22, 23]. Periimplantitis is one of the 

leading problems during maintenance phase in implant dentistry. The definitions of peri-

implant diseases, revised in the 6th European Workshop on Periodontology in 2008, were 

that “peri-implant mucositis is the presence of inflammation in the mucosa at an implant with 

no signs of loss of supporting bone; and periimplantitis, in addition to inflammation in the 

mucosa, is characterized by the loss of supporting bone” [24]. The recent study showed 

that facultative gram-positive cocci and gram-positive rods were dominating in healthy peri-

implant sites with small fraction of anaerobic gram-negative rods. In contrast, anaerobic 

gram-negative bacteria were found increasing in the periimplantitis. The red complex and 

the orange complex species were also present in the infection of peri-implant tissue [1]. 

Therefore, similar group of pathogens may be the cause of periodontitis and periimplantitis. 
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 Periodontitis and periimplantitis also shared the similar risk factors including poor 

oral hygiene, genetic traits, diabetes mellitus, and smoking [1, 2]. Among those factors, 

smoking seemed to be a profound environmental factor associating with the diseases. 

During smoking, oral temperature was apparently increased and smoke provided direct 

contact of some cigarette ingredients to the oral cavity. Due to smoking-induced 

environmental change, oral microbial ecology and host immunity might be modulated. The 

composition of oral microbiota could shift to a specific profile that maintained high 

abundance in disease-associating microbiota. The signature bacterial ecology may 

associated to current smoking habit including smoking, or never-smoking [4, 25, 26], or 

smoking cessation [5]. The oral bacteria, including Parvimonas, Fusobacterium, 

Bacteroides, Porphyromonas, Campylobacter, and Treponema increased [4, 27, 28], while 

Veillonella, Neisseria, and Streptococcus decreased in smokers [4]. 

Earlier studies used culture-dependent methods for bacterial identification.  

However, culturing conditions selectively favored certain microorganisms therefore the 

majority of oral bacteria from specific sites was apparently uncultivated, and that several 

uncultivated bacteria may play an important role in disease etiology and pathogenesis [29]. 

Some molecular approaches, for example checkerboard DNA-DNA hybridization or 

species-specific PCR were limited to the examination of only previously known genomic 
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sequences.  The recent investigation using 16S rRNA gene cloning and sequencing [30] 

provided unique bacterial signature that allow for accurate bacterial identification. While 

sequencing a large number of clones from each sample provides quantitative information 

on the relative abundance of each organism within a community [4]. Since the conventional 

method is labor-extensive and relatively difficult to do the analysis, the 16S rRNA gene 

cloning and sequencing method would be an alternative way for qualitative and quantitative 

evaluation the oral bacterial profile. 
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CHAPTER III 

METHODOLOGY 

 

Materials and Methods 

1. Participant selection 

Patients who received implant-supported fixed partial prostheses from Esthetic 

restorative and implant dentistry clinics, Faculty of Dentistry, Chulalongkorn University, or 

dental clinic in Police Hospital, Bangkok, Thailand from January 1998 to December 2011 

were examined. Fourteen participants were randomly included in this study based on the 

following criteria (Table 1). All participants were thoroughly explained about the steps of 

microbial collection, benefits and possible risks of the study approved by ethics committee 

of Faculty of Dentistry, Chulalongkorn University (No. 081/2011) and Police Hospital (No. 

จว.65/2554). The consent forms were signed before attending the study and participants 

were free to withdraw from the study at any time. 

Participants were categorized according to smoking habits into smoking group and 

nonsmoking group. Demographic data including name, date of birth, age, sex, medical 

status, medication, oral health care, and detailed information on dental implant prostheses 

were assessed through an interview. 
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Table 1. Criteria for participant selection. 

Inclusion Criteria Exclusion Criteria 

- Patient with smoking habit (exposure 

to more than 5 pack year [31] or 

never smoking) 

- Having 1-3 implant supported fix 

             partial dentures 

- Not underwent previous periodontal 

             treatment for at least 3 months 

- Obtained consent from patient 

- Presented  with uncontrolled 

diabetes mellitus 

- Having Immunosuppressant 

             medications or antibiotics  within  

             the past 3 months 

- Pregnancy 

- Visible peri-implant mucosal 

infection and/or inflammation 

 

Periodontal parameters such as bleeding on probing and probing depth were 

evaluated on the mesiobuccal, buccal, distobuccal, mesiolingual, lingual, and distolingual 

aspects of each implant by plastic periodontal probe (Periowise, Premier Dental, Playmouth 

Meeting, PA,) (Figure 2). 
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Figure 2. Plastic periodontal probe  

Intraoral radiographs were taken on implant with periapical technique to measure 

the distance from the mesial and distal margins of fixture-abutment interface to the most 

coronal point where the bone appears to be in contact with the implant.  

2. Microbial sample collection 

For microbial sample collection, one implant per participant was randomly selected 

according to the criteria (Table 1). The site was isolated with sterile gauze and the 

supragingival plaque or calculus was removed with plastic sickle and curette 

(IMPLACARE™ handle #6 with tips, Hu-Friedy, Chicago, IL, USA) (Figure 3 and 4) in order   

 

Figure 3. Plastic sickle                
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Figure 4. Plastic curette 

to avoid contamination when the submucosal plaque was collected. Four paper points were 

inserted under light pressure in the peri-implant sulcus that presented the largest probing 

depth until resistance was felt and was kept there for 10 seconds to obtain peri-implant 

crevicular fluid [32] (Figure 5). These paper points were cut in half with sterile scissors and  

forceps and kept in 1.5 ml. plastic collection tube (Figure 6). The samples were stored at 

-20 ºC until processed. 

 

 

Figure 5. Peri-implant subgingival fluid collection 
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Figure 6. Sample Collection tube 

3. DNA extraction  

Bacterial DNA was extracted using PowerBiofilm™ DNA Isolation Kit (MO BIO 

Laboratories, Inc., Carlsbad, CA, USA) according to the manufacturer’s instruction. Paper 

points in each plastic collection tube were washed with 350 μl BF1 buffer (BF1 needed to 

be warm at 55ºc for 10 minutes before used) then transferred to a bead tube. BF2 buffer 

(100 μl) was added and mixed using a vortex mixer. The bead tubes were incubated at 

65ºc for 5 minutes. After the incubation, all samples were homogenized using Vortex 

Adapter at maximum speed for 10 minutes followed by centrifugation at 13,000 rcf for 1 

minute at room temperature. Then, the supernatant was transferred to 2 ml collection tube. 

BF3 buffer (100 μl) was added and mixed using a vortex mixer. All samples were incubated 

at 4ºc on ice for 5 minutes follow by centrifugation at 13,000 rcf for 1 minute at room 

temperature. Thereafter, the supernatant was transferred to 2 ml collection tube avoiding 
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pellet. BF4 buffer (900 μl) was added and mixed using a vortex mixer. The supernatant (650 

μl) was loaded onto spin filter and centrifuged at 13,000 rcf for 1 minute at room 

temperature. Then, discarding the flow through and repeating this step until the entire 

supernatant was loaded. After this step, the spin filter basket was placed into 2 ml collection 

tube. BF5 buffer (650 μl) was added followed by centrifugation at 13,000 rcf for 1 minute at 

room temperature and discarding the flow through. BF6 buffer (650 μl) was added followed 

by centrifugation at 13,000 rcf for 1 minute at room temperature and discarding the flow 

through. The centrifugation was repeated at 13,000 rcf for 2 minute at room temperature to 

remove the residual wash. Afterward, the spin filter basket was placed into the new 2 ml 

collection tube. BF7 buffer (50 μl) was added to the center of the white filter membrane and 

all samples were stored for 5 minutes at room temperature followed by centrifugation at 

13,000 rcf for 1 minute at room temperature, and then the spin filter basket was discarded. 

NanoDrop2000 Spectrophotometer (Thermo SCIENTIFIC, Wilmington, DE, USA) (Figure 7) 

was used to quantify DNA. 
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Figure 7. Nanodrop2000 

4. Microbial identification 

Periodontal pathogens were detected and quantified by endpoint PCR and 

quantitative PCR using bacterial-specific primers. The sequences of P. gingivalis-, P. 

intermedia-, T. denticola-, T. forsythia- and total bacteria- specific primers were shown 

(Table 2). 

For endpoint PCR reaction, 1 μl of DNA (50 ng) was mixed with 12.5 μl of TopTaq 

Master Mix (TopTaq DNA Polymerase, dNTPs, and the innovative TopTaq PCR Buffer; 

Qiagen, Valencia, CA, USA), 0.4 μM of forward and reverse primers, and the PCR water 

was added to total volume of 25 μl. The end point PCR mixtures were processed with DNA 

Engine® Peltier Thermal Cycler (Bio-Rad, Hercules, CA, USA) (Figure 8).  The program 

consisted of an initial step at 94°C for 3 min, and amplifications was performed for 35 

cycles, with denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and elongation at 
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72°C for 60 s, followed by extension at 72°C for 10 min. Reaction products were 

electrophoresed in 1.5% agarose gels (Figure 9), stained with ethidium bromide and 

photographed under ultraviolet light. A 100 base pair DNA Ladder (Invitrogen™, Carlsbad, 

CA, USA) was used as a marker. The presence of a sharp band of the expected molecular 

size was scored as positive for the species. 

For quantitative PCR, 1 μl of DNA (20 ng) was mixed with 10 μl of EXPRESS SYBR® 

GreenER™ qPCR Super Mixes and Universal (Invitrogen™, Carlsbad, CA, USA), 0.1 μM of 

forward and reverse primer, and the PCR water was added to total volume of 20 μl. The 

quantitative PCR mixtures were analyzed using MiniOpticon™ RealTime PCR System (Bio-

Rad, Hercules, CA, USA) (Figure 10). The program consisted of an incubation step at 50°C 

for 2 min, an initial step at 95°C for 2 min, Then amplifications was performed for 39 cycles, 

at  95°C for 15 s and 58°C for 1 min. The melting curve analysis was performed at 65°C for 

5 s, and 95°C for 50 s. 

Table 2. Sequences of bacterial-specific primers 

Primer 5’  3’ Sequences 

Porphyromonas gingivalis (Forward) AGGCAGCTTGCCATACTGCG 

Porphyromonas gingivalis (Reverse) ACTGTTAGCAACTACCGATGT 

Prevotella intermedia (Forward) TTTGTTGGGGAGTAAAGCGGG 
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Prevotella intermedia (Reverse) TCAACATCTCTGTATCCTGCGT 

Treponema denticola (Forward) TAATACCGAATGTGCTCATTTACAT 

Treponema denticola (Reverse) TCAAAGAAGCATTCCCTCTTCTTCTTA 

Tannerella forsythus (Forward) GCGTATGTAACCTGCCCGCA 

Tannerella forsythus (Reverse) TGCTTCAGTGTCAGTTATACCT 

Universal primer RW01 (Forward) AACTGGAGGAAGGTGGGGAT 

Universal primer DG74 (Reverse) AGGAGGTGATCCAACCGCA 

 

 

Figure 8. DNA Engine® Peltier Thermal Cycler 
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Figure 9. Gel electrophoresis 

 

 

 

Figure 10. MiniOpticon™ Real–Time PCR System 
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5. Statistical analysis 

SPSS program (SPSS version 16.0, SPSS Inc., Chicago, IL) was used to analyze all 

data. The prevalence of periodontal pathogenic bacteria was evaluated by Fisher’s exact 

test. Mann-Whitney U Test was used to analyze the relative expression of P. gingivalis, P. 

intermedia, T. denticola, T. forsythia to total bacteria. 
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CHAPTER IV 

RESULTS 

 

Fourteen participants were included in this study. Participants, smokers (n=7) and 

nonsmokers (n=7), were male. The mean age (±SD) of smokers and nonsmokers was 

47.5±11.12 and 55.86±11.36 years, respectively. The mean age of nonsmokers was higher, 

however, the average year of implant in function of nonsmokers were slightly lower. The 

average pack year of smoking was 11.56±4.34. The implant sites appeared healthy with 

approximately 3 to 4 mm. probing depth (Table 3). 

Table 3. Summary of the demographic data of the participants 

 Smokers Nonsmokers 

Age* (years)  47.5 ± 11.12 55.86 ± 11.36 

Gender  Male Male 

Year implant loaded* (years) 6.61±4.08 5.29±3.65 

Pack year* 11.56±4.34 0±0.00 

Probing depth* (millimeter) 3.29±0.49 3.5±0.58 

 * Mean±SD were shown 
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The endpoint PCR revealed that the prevalence of periodontal pathogenic bacteria 

was higher in smokers. The number of participants positive for P. gingivalis, P. intermedia, 

T. denticola, T. forsythia were 42.86%, 57.14%, 85.71%, 85.71% from the total of seven 

smokers. While, P. gingivalis, P. intermedia, T. denticola, T. forsythia were respectively 

found in 71.43%, 42.86%, 14.29%, 85.71% from the total of seven nonsmokers. However, 

the statistically significant difference was observed only in T. denticola by Fisher’s exact 

test (p<0.05) (Table 4 and Figure 11).  

Table 4. Prevalence of putative pathogens detected by endpoint PCR 

Bacteria       Smokers         Nonsmokers   
p-value 

  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

  

P. gingivalis - + - + + - - - + + + + - + 0.582 

P. intermedia + + - + - - + + + - + - - - 1 

T. denticola - + + + + + + - - - - - - + 0.029† 

T. forsythia + + + + + - + - + + + + + + 1 

† Significant different with Fisher’s exact test (p=0.029) 
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† Significant different with Fisher’s exact test (p=0.029) 

Figure11.  Percentage of prevalence of periodontal pathogenic bacteria 

To investigate the abundance of each red complex bacterium, quantitative PCR was 

performed and the expression of P. gingivalis, P. intermedia, T. denticola, and T. forsythia 

to total bacteria was estimated in smokers and nonsmokers (Figure 12). The results showed 

that the abundance of P. gingivalis, P. intermedia, and T. forsythia were not statistically 

different between smokers and nonsmokers. However, the relative expression of                  
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T. denticola to total bacteria was significantly higher in smokers (p=0.026) by Mann-Whitney 

U test. 

 

† Significant different with Mann-Whitney U test (p=0.026)   

Figure12. Relative expression of periodontal pathogenic bacteria to total bacteria 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

 

Discussion  

Smoking was not an absolute contraindication for dental implants, but smoking 

might increase the risk of early implant failure [33] or bacterial-induced peri-implantitis [3, 

34, 35]. The purpose of this study was to investigate whether smoking increased the 

putative pathogens around dental implants. Other factors that might affect the peri-implant 

bacterial ecology were controlled. All participants included in this study were male in order 

to eliminate the possibility of hormonal differences in female [16, 36].  All implants were 

restored with fixed partial prostheses since the magnitude and direction of occlusal forces 

were well-designed in comparison to those on removable prostheses [37]. The cut point of 5 

pack year has been applied to the inclusion criteria to eliminate the very light or occasional 

smokers [31], and the average pack year (±SD) of smoking was 11.56±4.34. Nonetheless, 

this study was performed in the dental school of Chulalongkorn University and Police 

Hospital, therefore the number of participants with smoking habit was relatively small due to 

the limited number of cases. 
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Submucosal plaque accumulation is relatively low in healthy peri-implant sites, 

therefore, instead of using Gracey curettes [25], we used paper points for microbial DNA 

collection [32]. The use of paper points has gained most of planktonic bacteria in the 

crevicular fluid, and the total bacterial DNA was then revealed as shown by the amplification 

using total bacteria primers. This method was easy to handle, reproducible, and less 

painfulness for patients, however, it was also selective. We might fail to detect those 

species that could not be detached into the crevicular fluid. Further studies will be needed 

to investigate whether the collection method using paper points has omitted some important 

microorganisms. 

The 16S rRNA-based PCR was used to detect the putative pathogenic bacteria 

because of its benefit of accuracy and sensitivity. All collected samples were pooled from 

submucosal sites of a single implant. PCR-positive bacterium in the sample represented the 

prevalence of that bacterium of each participant. It appeared that the red complex bacteria 

and P. intermedia were present in some peri-implant sulci of both smokers and nonsmokers 

(Table 2). Consistent to the previous reports, that these putative pathogens were parts of 

the oral microbiota, and might be found in healthy sites [38, 39]. 

All smokers were positive for more than one putative pathogen, and two smokers 

were positive for all tested bacteria. In contrast, none of nonsmokers were positive for all 
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tested bacteria. Since the complexity of the peri-implant microbiota increased in disease 

sites [40], it reflected that the microbiota in smokers might be more shifted to disease state. 

Increase of the red complex bacteria also suggested that the peri-implant ecosystem of 

smokers could be more anaerobic than that of nonsmokers. Additionally, smoking could 

have detrimental effect on host immunity by reduction of leukocyte macrophage and PMN 

function[41, 42]. Moreover, previous study showed that the oxidation reduction potential of 

dental plaque have been shown to be decreased by smoking [43]. This ecology change 

resulted in the elevation of anaerobic species and the risk of pathogen invasion. 

Although the prevalence of putative pathogens seemed to be higher in smokers 

than nonsmokers, the statistical significant difference was found only in T. denticola in our 

results. The previous study by Ata-Ali et al [44] using different technique also demonstrated 

greater amount of T. denticola in peri-implant microbiota of smokers. These results were 

consistent to the reports in natural teeth. The investigation of Umeda et al [39], on the 

prevalence of P. gingivalis, T. denticola, T. forsythia, A. actinomycetemcomitans,            

P. intermedia and P. nigrescens, showed that smokers had increased the risk of                  

T. denticola colonization with an odd ratio of 4.61. In addition, Delima et al [5] showed that 

the level of T. denticola around natural teeth was significantly decreased after smoking 

cessation for 12 months. Finally, the study of Haffagee et al [25] showed significant 
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differences in the prevalence of T. denticola,  and other species including, T. forsythia,       

P. gingivalis and E.nodatum, P. micros, P. nigrescens, P. intermedia, F. nucleatum in 

current smokers than nonsmokers.  

In this study, we have estimated the abundance of putative pathogenic bacteria by 

using quantitative PCR. Because the data were not normally distributed, we then compared 

the median of smokers and nonsmokers. Our result revealed that the prevalence of            

P. intermedia was lower, but the median ratio of P. intermedia to total bacteria was higher in 

nonsmokers. Nonetheless, the abundance of bacteria was not different among smokers and 

nonsmokers, except T. denticola. 

Smoking, therefore, affected both prevalence and abundance of T. denticola in peri-

implant microbiota. The increase of putative pathogens, especially T. denticola, in smokers 

might result in the change of host immune responses. Since T. denticola is the motile 

anaerobic bacterium that can penetrate deep tissue and induce inflammatory responses 

[45], the increase of T. denticola may contribute to the initiation of bacterial-induced 

inflammatory bone loss in the regulation of host-microbial interactions [46]. Thus, the 

smoking-related bone resorption mechanism should be further investigated.  
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Conclusion 

Our study demonstrated that smoking was the environmental factor that influenced 

the peri-implant microbiota. The prevalence and abundance of T. denticola in the peri-

implant microbiota of smokers were significantly higher than that in nonsmokers.  
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Smokers 

Subject  Area of implant Brand Implant design Restoration 

1 #12 ITI Platform switching  PFM crown 

2 #36 Centerpulse Bone level Splint crown 

3 #21 Centerpulse Bone level Splint crown 

4 #46 Centerpulse Bone level PFM crown 

5 #36 Ankylos Bone level PFM crown 

6 #46 Replace Bone level PFM crown 

7 #46 ITI Platform switching  Full metal crown 
 

Nonsmokers 

Subject Area of implant Brand Implant design Restoration 

1 #21 ITI Platform switching  PFM crown 

2 #36 Zimmer Bone level PFM crown 

3 #16 Astra Platform switching  PFM crown 

4 #36 Paragon Bone level PFM crown 

5 #23 Frialit-2 Bone level  PFM crown 

6 #36 Zimmer Bone level PFM crown 

7 #26 Zimmer Bone level PFM crown 
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Crosstabs 

Case Processing Summary 

 Cases 

 Valid Missing Total 

 N Percent N Percent N Percent 

Smoking habit * 
Porphyromonas 
gingivalis 

14 100.0% 0 .0% 14 100.0% 

Smoking habit * 
Prevotella intermedia 

14 100.0% 0 .0% 14 100.0% 

Smoking habit * 
Treponema denticola 

14 100.0% 0 .0% 14 100.0% 

Smoking habit * 
Tannerellaforsythus 

14 100.0% 0 .0% 14 100.0% 
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Smoking habit * Porphyromonas gingivalis 

Crosstab 

Count 

 Porphyromonas gingivalis 

Total   Negative Positive 

Smoking habit Smoker 4 3 7 

Nonsmoker 2 5 7 

Total 8 6 8 

 

Chi-Square Tests 

 
Value Df 

Asymp. Sig. 
(2-sided) 

Exact Sig. 
 (2-sided) 

Exact Sig.  
(1-sided) 

Pearson Chi-Square 1.167a 1 .280   

Continuity Correctionb .292 1 .589   

Likelihood Ratio 1.185 1 .276   

Fisher's Exact Test    .592 .296 

Linear-by-Linear 
Association 

1.083 1 .298 
  

N of Valid Casesb 14     

a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is 3.00. 

b. Computed only for a 2x2 table 
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Smoking habit * Prevotella intermedia 

Crosstab 

Count                

 
Prevotella intermedia 

Total Negative Positive 

Smoking habit Smoker 3 4 7 

Nonsmoker 4 3 7 

Total 9 7 7 

 

Chi-Square Tests 

 
Value Df 

Asymp. Sig. 
(2-sided) 

Exact Sig.  
(2-sided) 

Exact Sig.  
(1-sided) 

Pearson Chi-Square .286a 1 .593   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .287 1 .592   

Fisher's Exact Test    1.000 .500 

Linear-by-Linear 
Association 

.265 1 .606 
  

N of Valid Casesb 14     

a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is 3.50. 
b. Computed only for a 2x2 table 
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Smoking habit * Treponema denticola 

Crosstab 

Count 

 Treponema denticola 

Total   Negative Positive 

Smoking habit Smoker 1 6 7 

Nonsmoker 6 1 7 

Total 7 7 14 

 

Chi-Square Tests 

 
Value Df 

Asymp. Sig. 
(2-sided) 

Exact Sig. 
 (2-sided) 

Exact Sig.  
(1-sided) 

Pearson Chi-Square 7.143a 1 .008   

Continuity Correctionb 4.571 1 .033   

Likelihood Ratio 7.925 1 .005   

Fisher's Exact Test    .029 .015 

Linear-by-Linear 
Association 

6.633 1 .010 
  

N of Valid Casesb 14     

a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is 3.50. 

b. Computed only for a 2x2 table     
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Smoking Habit * Tannerella forsythus  

Crosstab 

Count 

 Tannerella forsythus 

Total   Negative Positive 

Smoking Habit Smokers 1 6 7 

Nonsmokers 1 6 7 

Total 2 12 14 

 

Chi-Square Tests 

 
Value Df 

Asymp. Sig. 
(2-sided) 

Exact Sig. (2-
sided) 

Exact Sig.  
(1-sided) 

Pearson Chi-Square .000a 1 1.000   

Continuity Correctionb .000 1 1.000   

Likelihood Ratio .000 1 1.000   

Fisher's Exact Test    1.000 .769 

Linear-by-Linear 
Association 

.000 1 1.000 
  

N of Valid Casesb 14     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 1.00.  
b. Computed only for a 2x2 table 
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Mann-Whitney Test 
 

Ranks 

 Habit N Mean Rank Sum of Ranks 

Relative Expression of 
Pg to Total Bacteria 

Smokers 4 4.00 16.00 

Nonsmokers 5 5.80 29.00 

Total 9   

 

Test Statisticsb 

 Relative Expression of Pg to Total 
Bacteria 

Mann-Whitney U 6.000 

Wilcoxon W 16.000 

Z -.980 

Asymp. Sig. (2-tailed) .327 

Exact Sig. [2*(1-tailed Sig.)] .413a 

a. Not corrected for ties. 

b. Grouping Variable: Habit 
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Mann-Whitney Test 
 

Ranks 

 Habit N Mean Rank Sum of Ranks 

Relative Expression of Pi 
to Total Bacteria 

Smokers 7 7.00 49.00 

Nonsmokers 7 8.00 56.00 

Total 14   

 
 

Test Statisticsb 

 Relative Expression of Pi to Total Bacteria 

Mann-Whitney U 21.000 

Wilcoxon W 49.000 

Z -.447 

Asymp. Sig. (2-tailed) .655 

Exact Sig. [2*(1-tailed Sig.)] .710a 

a. Not corrected for ties. 

b. Grouping Variable: Habit 
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Mann-Whitney Test 
 

Ranks 

 Habit N Mean Rank Sum of Ranks 

Relative Expression of 
Td to Total Bacteria 

Smokers 7 10.00 70.00 

Nonsmokers 7 5.00 35.00 

Total 14   

 

Test Statisticsb 

 Relative Expression of Td to Total 
Bacteria 

Mann-Whitney U 7.000 

Wilcoxon W 35.000 

Z -2.239 

Asymp. Sig. (2-tailed) .025 

Exact Sig. [2*(1-tailed Sig.)] .026a 

a. Not corrected for ties. 

b. Grouping Variable: Habit 

 
 
 
 
 
 
 



47 
 

Mann-Whitney Test 
 

Ranks 

 Habit N Mean Rank Sum of Ranks 

Relative Expression of Tf 
to Total Bacteria 

Smokers 4 4.75 19.00 

Nonsmokers 5 5.20 26.00 

Total 9   

 

Test Statisticsb 

 Relative Expression of Tf to Total Bacteria 

Mann-Whitney U 9.000 

Wilcoxon W 19.000 

Z -.245 

Asymp. Sig. (2-tailed) .806 

Exact Sig. [2*(1-tailed Sig.)] .905a 

a. Not corrected for ties. 

b. Grouping Variable: Habit 
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