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Abstract 

 
Background: The adoption into mainstream dental therapy of endosseous dental 

implants manufactured from medical grade titanium has revolutionized the treatment of 

edentulous sites while demonstrating excellent success and survival percentages.  Few 

studies have evaluated dental implant survival or success within a university residency 

program. There are even fewer studies that have analyzed implant outcomes by 

radiographic survey. The primary objectives of this study were to evaluate survival and 

success of dental implants placed by periodontal residents at Oregon Health & Science 

University (OHSU) between the years 2002 and 2009 and to assess residual bone 

height as assessed radiographically, around these implants. A novel radiographic 

parameter described as dental implant radiographic residual bone height (DIRRBH) is 

utilized as a measurement of dental implant success.  Measurement of dental implant 

radiographic crestal bone loss (DIRCBL)is also assessed in this study.  

Secondary aims of this study included determining if various demographic and 

patient health parameters or if the residency year of the surgeon placing the implant 

fixture(s) may affect DIRRBH or dental implant survival.   

Methods: A retrospective clinical chart review was conducted of patients of record at 

OHSU School of Dentistry who had one or more implants placed by periodontal 

residents from 2002-2009. Subjects were contacted and invited to participate in a recall 

examination. During the recall examination clinical assessment of the restored dental 

implants, a single digital periapical radiograph was taken of each dental implant. Patient 
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demographic, health, and dental implant data were recorded from the chart review and 

verified during the clinical appointment. An anonymous survey was conducted of all 

participants in order to evaluate patient satisfaction with the dental implant experience 

and the final result. Radiographs were then analyzed by two calibrated and independent 

evaluators. Statistical data analysis was performed using the cox proportional hazard 

regression model and Kruskal Wallis test. Results were considered significant where the 

P < 0.05. 

Results: The case series included 79 patients with 167 dental implants that had been 

placed. The post-implant placement mean follow-up period was 5.11 years with a range 

of two to nine years. The study population consisted of 56% female and 44% male 

subjects. Subject age ranged from 17 years to 85 years, with a mean age of 60.3 years. 

Implant lengths ranged from 6 to 16 millimeters, with a median length of 11.5 

millimeters.  

Dental implant radiographic residual bone height (DIRRBH) as dental implant 

fixture length was 90.7%. Females retained a mean of 90% and males 91%; healthy 

patients retained 91% while diabetics retained 88% of the DIRRBH per dental implant 

fixture length.  DIRRBH per dental implant fixture length was 91% for never smokers. 

Current and historical smokers retained 89.4 and 89.6%, respectively. Cumulative 

average radiographic crestal bone loss on the dental implant fixture was 1.03 

millimeters (s = 0.882; range 0 – 5.5). Cumulative survival rate over the nine year period 

was 96.8%.  



10 
 

Conclusion: This study reports that endosseous dental implants placed from 2002-

2009 achieve survival rates achieved are consistent with accepted published results for 

dental implant survival. Age, gender, diabetes, smoking, osteoporosis, osteopenia do 

not significantly affect the combined DIRRBH or overall dental implant survival. There 

was slightly less non-significant DIRRBH for dental implants placed in diabetics and 

smokers. Finally, the level of experience of the periodontal resident did not affect dental 

implant survival in this study. 
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Introduction  

The widespread adoption of treating edentulous sites with endosseous dental 

implants manufactured from medical grade titanium has revolutionized restorative 

dentistry. Dental implants have become the gold standard treatment option for tooth 

replacement 1 and will continue to increase in popularity as the world population ages 

and patient expectations  increase for an improved quality of dental function into 

advancing age. Dental patients increasingly demand highly successful and predictable 

long-term treatment that satisfies both esthetic dental display and excellent function. 2 

The published survival rates for all endosseous dental implants averages well above 

90% 3,4,5,6,7 and patient satisfaction is high. 8,9  

Dental implant success is often measured by the absence of pain, mobility or 

radiographic pathology along with dentist and patient satisfaction with the esthetics and 

function. The maintenance of stable bone levels around dental implants is also believed 

to be essential for the long-term success of an endosseous dental implant. The initial 

breakdown of the tissue-implant interface in successfully osseointegrated implants 

typically begins at the alveolar crestal region.10,11   Periimplant crestal bone is also quite 

thin, often one millimeter or less, which may then predispose the site to subsequent 

loss12 This crestal peri-implant bone loss may also be due to the fact that the peri-

implant gingiva does not attach directly to the implant titanium surface but forms what is 

known as a „perimucosal seal‟. Crestal peri-implant bone loss may be greatest during 

the first year of function and is reported to be 1.2 mm on average.3,13   
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One of the most important criteria when evaluating dental implant success is 

determining the stability of crestal bone levels surrounding an implant over time. 

Albrektsson, et al.14 and Smith and Zarb15 proposed criteria for implant success, 

including a peri-implant crestal bone loss of less than 0.2 mm annually. There are many 

proposed causes for crestal peri-implant bone loss16 including: surgical trauma17-20, 

occlusal disharmony, overloading of the implant21-24, peri-implantitis25,26 and proximity of 

the microgap (healing or final abutment to implant platform interface) to peri-implant 

crestal bone27,28. Peri-implant inter-dental crestal bone loss can be detected by dental 

radiograph. In order for a dental implant to survive in bone, the residual bone height 

around a dental implant must be maintained over time. Classically, and in this study, 

dental implant survival is defined as the implant remaining in situ at the end of an 

observation period. Modern clinical success of a restored dental implant also includes 

the absence of pain, mobility or radiographically-evident periimplant pathology as well 

as meeting patient esthetic and functional expectations.   

We introduce a novel positive marker for dental implant success called the dental 

implant radiographic residual bone height (DIRRBH).  The definition for dental implant 

success in this study includes excellent radiographic and clinical implant integration 

along with patient and practitioner satisfaction with the restored dental implant.  

Endosseous dental implant success rates may also be modified by various 

systemic, local or operative factors. This study evaluates several of these factors and 

their association with implant bone height and success. Host systemic factors, including 

the presence or history of smoking, diabetes, osteopenia and osteoporosis were 

analyzed. Demographic factors evaluated include age and gender. Operative factors 
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include the experience year of the resident performing the surgery, the year of dental 

implant placement and the procedure being performed in an academic setting.  

A significant portion of the United States population with missing teeth could 

benefit from dental implant treatment.1,2 Dental implant surgical services provided 

through the academic setting may open a treatment modality to a broader population 

that would normally be unable to afford implants in the private practice setting. 

Postdoctoral training in endosseous dental implant placement is now a standard part of 

the curriculum for periodontology and oral and maxillofacial surgery residency 

programs. In addition, many prosthodontic and other dental specialty training programs 

also offer training in the placement of dental implants to their residents.29 

Even so, there are few studies evaluating the success and survival of dental implants 

placed in the academic setting. Most reports of dental implant placement in the 

academic setting are retrospective chart reviews without clinical recall, radiographic 

assessment or accounts of patient satisfaction. 

The primary objectives of this study were to evaluate comprehensive dental 

implant survival and success rates of implants placed by periodontal residents at OHSU 

in the years 2002 through 2009 and to assess radiographic bone height around these 

dental implants. Secondary aims of this study include determining whether patient 

demographic and health parameters or the residency year of the dental implant surgeon 

affects subsequent radiographic bone height around or dental implant survival .   
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Material and Methods 

 This study was approved by the Institutional Review Board at OHSU. A 

preliminary retrospective chart review and subsequent clinical and radiographic clinical 

examination were conducted of patients with dental implants that were placed by 

periodontology residents at OHSU during the calendar years of 2002 through 2009.  

Study subjects were between the ages of 18 and 89 years old at recall and had 

dental implant restorations in place for at least one year. All dental implants were placed 

such that the restorative platform was located at the height of crestal bone as verified by 

patient treatment records. Final restorations were performed by dental students, 

residents or private general dentists. Patient records identified as meeting the indicated 

criteria were surveyed and subjects who met the inclusion criteria were invited to 

participate in a screening appointment. A total of 799 patients were treated in the 

Graduate Periodontology Clinic at OHSU with 1,815 dental implants placed during the 

years 2002 to 2009.  207 subjects were subsequently contacted by telephone to 

participate in a recall examination.. Finally, 79 patients (n=167 implants) actually 

participated in the study. 

Retrospective Data Collection 

A post-entry chart review was conducted of demographic data including patient 

age, gender and medical and social history (smoking, diabetes, and osteoporosis or 

osteopenia). Dental implant placement information including: The number and sites of 

dental implants placed, the year the implant was placed, implant size and manufacturer, 

and periodontal resident year at time of placement were collected.  
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Clinical Assessment 

Patient consent for a limited implant examination was obtained once the subject 

agreed to be in the study. During the recall appointment a visual assessment and digital 

palpation of the dental implant fixture were performed by a single examiner (LAFT); 

including surveying for absence of persistent clinical symptoms such as pain, mobility, 

infection, neuropathies or paresthesias. An interview was conducted to determine 

patient comfort, functional satisfaction and esthetic acceptance. 

Questionnaire  

An anonymous intake questionnaire (Figure 1) was conducted to assess each 

patient‟s satisfaction with their dental implant and whether the subject had any 

discomfort related to the dental implant. This questionnaire was conducted by logistics 

personnel independent of the clinical assessment team and prior to the patient‟s clinical 

assessment.   

Radiographic Evaluation and Interpretation 

A single digital periapical radiograph was taken of each dental implant fixture. 

(Figure 2,3) Periapical radiographs were taken with a long-cone parallel technique using 

a standard intraoral occlusal template to assist in the projection of a perpendicular 

radiation beam.  Peri-apical radiographs that captured the apex of the implant are 

necessary in order to rule out the presence of any peri-implant radiolucency, one 

criterion of dental implant success as defined in this study. The periapical radiograph 

was used to detect the presence of any peri-implant radiolucency, periapical 

radiolucency on adjacent teeth and the interproximal crestal bone height. 
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Study radiographs were assessed by two independent calibrated examiners 

utilizing computer software (Emago dental image archiving software 2011) to calibrate 

each radiograph using the known dental implant fixture length to determine both 

DIRCBL and DIRRBH. Patient treatment records indicated that all dental implant fixture 

platforms were placed at the existing height of the edentulous alveolar bone.  The 

marginal bone level was considered the point represented by the radiographic 

interpretation of the most coronal portion of the interproximal (adjacent) bone in contact 

with the implant.  The existing marginal bone level was measured on the mesial and 

distal of each implant and was averaged, resulting in the % DIRRBH of each dental 

implant.  DIRRBH measurements from examiners (were averaged to determine the % 

DIRRBH of each implant.) 

Dental implant radiographic crestal bone loss (DIRCBL) was determined as the 

measurement from the dental implant platform to the proximal radiographic crest of 

bone. (Figure 4)  DIRRBH was measured as the radiographic distance from the implant 

apex to the proximal radiographic bone height. (Figure 5) Peri-implant DIRRBH of trans-

gingival implants was calculated from the implant apex to the rough-smooth border as 

interpreted by the calibrated examiners.  Patient clinical and radiographic information, 

as well as the patient survey results, were stored in a spreadsheet and matched with 

the information collected from the retrospective patient record chart review. 

Study Variables  

A standardized digital data collection form was designed and used for all patients 

in the study. The information recorded included the following information: Patient 

demographic data (birthdate, gender), and information regarding patient health 
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(smoking history, past and current systemic diseases, including diabetes, osteoporosis 

and osteopenia), as well as data for the specific implant (tooth number, implant 

manufacturer, date of implant placement, implant dimensions, bone/tissue grafting, 

stage, and type of restoration placed). The year of the periodontal resident surgeon was 

also recorded. 

In our study, dental implant success is defined as:  

1.) Dental implant remains in situ and is immobile 

2.) No evidence of peri-implant radiolucency, except crestal bone loss  

3.) No irresolvable pain, discomfort, or infection attributable to the implant 

4.) Patient satisfaction with esthetics and function of the dental implant. 

5.) DIRRBH is greater than 75% of dental implant length. 

 Implant survival is defined as the implant remaining in situ within the alveolus. 

Statistical Analysis  

Cox proportional hazard regression model was conducted for testing the 

statistical significance of difference of implant survival based on smoking history, 

diabetes, osteoporosis, and osteopenia after adjusting for the potential confounding 

effect of age and gender.  A Kruskal Wallis test was performed for testing the statistical 

significance of differences in DIRCBL and DIRRBH on the mesial and distal aspects 

according to age, gender, smoking history, diabetes, osteoporosis, and osteopenia. 

Linear relationship (r2) between age and implant length was estimated with simple linear 

regression. Software used for the analysis was JMP 5.0.1 (SAS Institute, Cary, NC).  P-

value of less than .05 was established as the threshold for statistical significance. The 

mean age and gender of the 79 subjects who received the 167 implants included in the 
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study were compared to the 799 individuals who received 1,815 implants at the OHSU 

Department of Periodontology in the years 2002-2009 at the 95% confidence interval to 

judge how well the study sample represented the overall population of individuals 

receiving implants. 

Results 

The study population of 79 patients with 167 dental implants had a mean follow-

up period of 5.11 years from implant placement with a range of two to nine years. The 

study population consisted of 56% female and 44% male. The ages of subjects ranged 

from 17 to 85 years; mean of 60.3 years. Implant lengths ranged from 6 to 16 

millimeters, with a median of 11.5 millimeters. A total of 79 out of 799 patients (n=167 

implants) participated in the study (38.2%)  The most common reason that patients 

randomly selected for recall invitation were lost to recall follow-up was due to relocation 

or lack of current contact information. The demographic and implant-specific data of all 

subjects is displayed in Table 1. 

To ensure that the final study sample was representative of the population who 

received the 1815 implants; mean age and gender of the 79 patients who had received 

the 167 sample implants versus the 799 patients who were treated with 1,815 implants 

were compared. Table1-1 shows that mean age and gender proportion of the population 

implants are within (⊂) the 95% CI of the sample. (Table 2) Thus, those who 

participated are very likely to be a representative sample. 

Combined dental implant radiographic residual bone height (DIRRBH) was 

90.7%. DIRRBH was found to be 90% in females and 91% in males. Healthy patients 

retained 91% bone height, while diabetics retained 88% of the combined DIRRBH.  
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Combined DIRRBH was 91% for never smokers however current and historical smokers 

were at 89.4 and 89.6% respectively (p-value=0.7417).  Cumulative average 

radiographic crestal bone loss on the dental implant fixture was 1.03 millimeters (s = 

0.882; range 0 – 5.5).  

A successful outcome for all dental implants placed in this study according to the 

criteria was 95.8%.  Cumulative dental implant survival rate over the nine year period 

was 96.8%. (Table 3) 

Discussion 

The primary aim of this study is to determine cumulative dental implant survival 

of implants placed by periodontal residents at OHSU between the years 2002 and 2009. 

The overall cumulative dental implant survival rate for the study population was 96.8%. 

This appears to fall within published standards of acceptable survival rates for dental 

implants placed in both private practice30,31 and academic settings.6,7 

Dental implant crestal bone height changes have been traditionally evaluated 

retrospectively by the amount of dental implant radiographic crestal bone loss 

(DIRCBL).3This study introduces the corollary term of dental implant radiographic 

residual bone height (DIRRBH) as a measure of dental implant success. DIRRBH 

represents, radiographically, the bone around a dental implant fixture as a percentage 

of the dental implant fixture length at any given observation time. This “glass half-full” 

concept of evaluating residual peri-implant bone height may provide clinicians with an 

easy tool to assess dental implant stability during implant recalls. We also propose that 

DIRRBH greater than 90% of dental implant length indicates a excellent dental implant 
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success while a minimally acceptable standard of dental implant success would be 

represented by a DIRRBH of 75%. 

We also assessed various health and demographic parameters to determine 

whether their presence affected overall dental implant survival rate. Patient health 

metrics in this study included an evaluation for the presence of diabetes, osteoporosis, 

osteopenia or a history of cigarette smoking. Diabetes and smoking are strong co-

factors for dental implant failure, 32-34 however these did not show a significant 

relationship to dental implant bone height changes or survival rates in our study. There 

was slightly less dental implant radiographic residual bone height (DIRRBH), however 

for dental implants placed in diabetics and smokers. One possible explanation for the 

fact that diabetes did not have a statistically significant deleterious effect on crestal 

bone height is that as a pre-requisite, diabetics who undergo implant therapy (in 

OHSU‟s Department of Periodontology) must be tightly controlled (serum glycemic level 

and hemoglobin A1c in normal ranges.35) Therefore, the study would not include 

patients who are considered uncontrolled diabetics. In a systematic review of the 

literature, Javed et al., concluded that successful dental implant osseointegration can be 

accomplished in diabetics with good metabolic control in a similar manner as in subjects 

without diabetes.36 Smoking is considered to be a significant risk factor for implant 

failure.37,38 Bain and Moy39 evaluated factors that may predispose implant failure in a 

group of 540 subjects and found that smoking was the most significant factor. Studies 

have demonstrated that patients who follow a smoking cessation protocol prior to and 

following implant placement may experience improved dental implant success rates.41 

An explanation for why smoking did not demonstrate a significantly negative impact on 



21 
 

bone height in our study may be due to the  smoking cessation protocol patients follow 

at our university. Patients are asked to arrest smoking two weeks prior and ten weeks 

after implant placement. Blood plasma cotinine levels are an objective, albeit unwieldy 

way to prove that patients are in tobacco cessation compliance and should decrease 

the likelihood of initial periimplant bone loss. 42 Furthermore, there was no significant 

difference when looking at survival rate or DIRRBH in relationship to age and gender.  

Residency year of the surgeon placing the implant fixtures did not affect the 

DIRRBH or survival of dental implants. In this study, most of the implants were placed 

by second and third year residents. First year residents placed only ten out of the 167 

implants, therefore this may limit the ability of this study to assess whether resident year 

affects outcomes of dental implants.   

This is an uncontrolled retrospective case series designed to assess implant 

survival and success criteria. There are several evident limitations to the study including 

the retrospective study design and a small sample size. The small sample size, which is 

representative of less than 10% of all the implants placed in the department between 

the years 2002 and 2009.  This loss to follow-up of the treatment population is the 

primary weakness of this study design. In addition, this study evaluates dental implants 

that were restored by private practitioners, residents, and dental students. This study 

does not evaluate whether there is an association between the timing and practitioner 

experience of the implant restoration following surgical placement and an implant‟s 

ultimate survival or success rate. Future large-scale prospective university studies 

should be conducted that include annual dental implant recalls to evaluate and 
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document implant health,  restorative source and temporal sequence would be helpful 

to better determine potential surrogate markers for future dental implant success. 

Conclusions 

1.) The cumulative survival rate of 96.8% and success rate of 95.8% for dental 

implants placed at Oregon Health and Science University‟s Advanced 

Education Program in Periodontics is within accepted published standards. 

2.) Age, gender, diabetes, smoking, osteoporosis, and osteopenia did not 

significantly affect the combined dental implant radiographic residual bone 

height (DIRRBH) or the overall survival of the dental implants evaluated in 

this study. 

3.)  There was slightly less DIRRBH associated with dental implants placed in 

diabetics and smokers, however the difference was not significant. 

4.)  The level of experience of the periodontic resident did not have an impact on 

dental implant survival in this study. 
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FIGURES  

Figure 1 Implant Satisfaction Questionnaire 

Please mark a single answer. 

 Strongly 

Agree 

Agree Neither 

Agree or 

Disagree 

Disagree Strongly 

Disagree 

My implant is comfortable.      

I am pleased with the esthetic results 

(the way it looks) of my implant. 

     

I can chew on my implant prosthesis 

very well. 

     

The tissue around the implant bleeds 

less than around the teeth. 

     

I haven‟t felt uncomfortable because 

of food packing during chewing. 

     

I can speak well with my implant 

prosthesis. 

     

I am satisfied with my implant 

prosthesis. 

     

My implant(s) has improved my 

quality of life. 

     

If needed, I would choose to have a 

dental implant in another area of my 

mouth 

     

I have been satisfied with the 

treatment I‟ve received at the 

Advanced Specialty Program in 

Periodontics at OHSU. 
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Figure 2 

Implant #7: 0mm DIRCBL; 100% DIRRBH 
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Figure 3  

Implant #30 (Distal implant):  2.2 mm DIRCBL; 78% DIRRBH 
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Figure 4 

DIRCBL: Measurement from the dental implant platform (A) to proximal radiographic 

crest of bone (B) calculated as height in mm. 

 

 

Figure 5 

DIRRBH: Measurement from the implant apex (C) to the proximal radiographic bone 

height (B) and calculated as a % of the implant platform (A) to the implant apex (C) 
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TABLES 

 

Table 1 Demographic data based on number of implants placed. (n=167) 

 

Age  Mean 60.3 

Min 17 

Max 85 

Smoking  Never 130 

Past 35 

Current 2 

Diabetes  No 140 

Yes 27 

Osteoporosis Yes 11 

 No 156 

Osteopenia Yes 7 

 No 160 

Implant Type  Tissue Level 10 

Bone Level 157 

Gender (based on #of implants) F 94 

M 73 

Resident Year  1 10 

2 73 

3 84 
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Table 2 Comparison of the sample and the population to evaluate the statistical  their 

similarity. 

  

Variables Sample (n=167) Population(n=1791)* Sample ⊂ 

population 
 95% 

confidence 

interval 

Mean age 

 

Male 61 58.2 ~ 63.7 59.7 Yes 

Female 59.8 57.1 ~ 62.4 56.4 Yes 

Gender(%) Male 44 36.4 ~ 51.3 40 Yes 

Female 56 48.7 ~ 63.5 60 Yes 

*:Among 1815 implants, 24 implants (1.3%) were excluded due to unknown gender  
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Table 3 Clinical outcome for survival data based on time since implant placement. 

(n=167) 

Survival 

time 

(years) 

No. survived 

at beginning 

of interval 

No. failed at 

end of 

interval 

Fraction 

surviving 

interval (%) 

Cumulative 

Survival 

Rate(%) 

1 167 2 98.8 98.8 

2 165 1 99.4 99.2 

3 164 1 99.4 98.6 

4 163 2 98.8 97.4 

5 161 1 99.4 96.8 

6 160 0 100 96.8 

7 160 0 100 96.8 

8 160 0 100 96.8 

9 160 0 100 96.8 
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LITERATURE REVIEW 

Search Outcome 

A comprehensive Ovid MEDLINE search was performed. The search yielded 34 

abstracts.Eleven original articles are included in this review as most pertinent to the 

present study. Their findings are reviewed below. . 
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Search Strategy 

Results: 33 
 
A literature search of the Ovid MEDLINE(R) and Ovid OLDMEDLINE Databases was conducted for all 
articles written between 1946 and  2011 containing the following terms:  
 
-------------------------------------------------------------------------------- 
1     exp Dental Implants/ (12486) 

2     exp Dental Implantation/ (14964) 

3     1 or 2 (21018) 

4     exp Treatment Outcome/ (518919) 

5     Dental Restoration Failure/ (4643) 

6     success.mp. (135944) 

7     survival.mp. (646426) 

8     failure.mp. (535286) 

9     exp survival analysis/ (144116) 

10     Retrospective Studies/ (397623) 

11     4 or 5 or 6 or 7 or 8 or 9 or 10 (1852330) 

12     3 and 11 (5520) 

13     Students, Dental/ (4263) 

14     Education, Dental/ (12032) 

15     Education, Dental, Graduate/ (1625) 

16     Education, Dental, Continuing/ (2960) 

17     Schools, Dental/ (5228) 

18     13 or 14 or 15 or 16 or 17 (20896) 

19     exp Surgery, Oral/ (6436) 

20     exp Periodontics/ (19775) 

21     exp Prosthodontics/ (89556) 

22     19 or 20 or 21 (111943) 

23     12 and 18 (35) 

24     12 and 22 (5520) 

25     18 and 24 (35) 

26     23 or 25 (35) 

27     limit 26 to (english language and humans) (33) 
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