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Introduction:
Dental implants are a commonly used and predictable option for the replacement of missing teeth. Implants are
placed in the bone and eventually integrate with the surrounding bone within 8-10 weeks. An osseointegrated
implant is non-mobile and asymptomatic with healthy peri-implant tissues surrounding it. Dental implants have
very low failure rates, usually less than 5% (Carr et al, 2003). Despite the low failure rate, implant failures pose
a significant problem for the clinician as well as the patient. Implant failures result in significant anatomic
deficiencies that may require multiple surgical procedures in order to be corrected and are costly for both the
dentist as well as the patient. Such a negative outcome can be a one hundred percent failure for the patient
experiencing it. From a prosthodontist’s standpoint implant failure can significantly alter future treatment options
with implants and leave a patient with an only option of complete or partial dentures. From a periodontist and
oral surgeon’s standpoint it can result in increased number of procedures, bone loss and greater limitations in
future possible treatment. This is costly to not only the surgeon but also the patient as a result of time spent out
of work.
To help put the low percentage of failures in perspective it is important to note that based on American Academy
of Implant Dentistry (AAID), about 30 million Americans have missing teeth and one tenth of them have implants
in their mouth. The number of patients that have dental implants are expected to reach to half a million in the
coming years. In 2006, about five and a half million implants were placed by US dentists. Even if the failure rate
of these implants is only 2 percent, we can expect over 275,000 implant failures each year (AAID). With more
and more dentists placing implants, it is evident that managing implant failures is a significant part of everyday
dental practice and such failures pose a significant problem for both the patients and the dentists.

There are several known factors that contribute to implant failures; those include certain systemic conditions (i.e.
smoking and diabetes) and local factors such as implant geometry, bone quality etc. Higher implant failure rates
have been associated with poorly controlled diabetes (Salvi et al, 2008). Data suggests that smoking results in 3
fold increase of the risk of implant failure (Strietzel et al, 2014). Implants placed in augmented sites, have been
shown to have five times the failure rate when compared to non-augmented sites (Carr et al, 2003). Moreover,
higher failures rates have been found in posterior maxilla due to poor bone quality (Pabst et al, 2015). Implants
with shorter length (<10 mm) and smaller diameter (<3.6 mm) have a higher potential of failure due to their
inability to transmit occlusal forces in an appropriate manner often resulting in fracture or disintegration
(Bergendal and Enngquist, 1998).

Implant failures can be classified as early or late. Early failures are caused due to insufficient or lack of
osseointegration and may occur before the placement of the implant restorations. Previous research indicates that
age, smoking, length of the implant and bone quality may be risk factors for early failures (Noda et al, 2015).
Late failures occur after restoration of implants. It is usually associated with peri-implantitis due to poor oral
hygiene. They may also share the same risk factors as early failures (Noda et al, 2015).
There are several factors that play a role in determining outcome of dental treatment. One such factor is level of
experience of the surgeon. Previous studies have determined the existence of a relationship between the level of
training and the clinical outcomes following certain periodontal procedures. Greater operator experience was
associated with superior results in surgical procedures (Brayer et al, 1989). However, to our knowledge, no study
has been done to determine any association of operator experience with the success rate of dental implants. Hence,
this study intends to explore whether clinical training has any influence on implant outcome.

Should an association between level of training and implant failure be identified, such a finding could lead to
curriculum changes in order to better address potential weaknesses. For example, recent changes in CODA
standards for prosthodontics require that prosthodontics residents are trained in surgical implant placement with
addition of only one month to the residency program. If the failure rates of the prosthodontics residents are higher
than those of the surgical specialties (Periodontics or OMFS) that could indicate that a longer training period may
be required. Similarly, if Periodontics residents present lower failure rates than OMFS for the same year of
training that could indicate the need for further exploration of training differences between the two specialties in
order to improve the success rates.

Several known risk factors have been associated with implant failures. However, there are no studies comparing
the level of training of the residents and their expertise as a factor that could influence dental implant failure.
Furthermore, there are no studies that compare implant failure rates between residents trained in different
specialties. Hence, this study aims to identify any association between the types of clinician training on dental
implant failure rates.

We hypothesize that the increased level of clinician training will significantly decrease the implant failure rates.
We also hypothesize that the type of training provided by the department of Periodontics results in lower implants
failure rates as compared to those of other specialties training.
The aim of this study is to identify any associations between predictor variables and dental implant failure rate
among the residents in the departments of Periodontics, Prosthodontics, Oral Maxillofacial Surgery and General
Practice Residency (GPR) at Louisiana State University, School of Dentistry.
This study is a retrospective examination of over 2000 implants placed that includes 150 implant failures reported
at LSU School of Dentistry from January 1st 2011 up till December 31st 2015.
Material and Methods:

Patient records: Following IRB approval, dental records in Axium was reviewed from 2048 patients who received
dental implants at LSU School of Dentistry from January 1st 2011 up till December 31st 2015. A database was
created in Microsoft Excel.


Inclusion criteria: Patients between 18 to 80 years of age whose records indicate that they received dental
implants at LSU School of Dentistry from January 1st 2011 up till December 31st 2015.



Exclusion criteria:
o Patients whose implants presented with mobility at the time of placement (spinners)
o Patients with incomplete records
o Patients with no follow up for at least one year or more after implant placement

Determination of implant survival:
Implant survival is defined as absence of implant mobility and pain (Misch et al, 2008). Dental implant survival
was based on comparison of radiographs taken at the time of implant placement and at one year recall.
The data collected from the patient records was categorized as:
 Patient demographics:


Age



Gender

 Implant and site characteristics:


Site



Graft



Sinus lift



Immediate versus delayed placement



Implant system



Implant length



Implant diameter

 Known confounding factors for implant failure: Smoking and Diabetes
 Study variables: Resident training and specialty department
Based on the inclusion and exclusion criteria, a total of 1486 implants were included in the study.
Each implant was determined to have been a success or a failure based on clinical absence of pain and mobility
and radiographic absence of peri-apical radiolucency. The data on implant outcome was categorized by
department of the resident that placed the implant and then by the level of residency training (e.g. second year
or third year). This data included account for confounding variables (e.g. smoking, diabetes, implant location
and implant characteristics).

Figure 1 and 2 present radiographic evidence of failing implants:

Figure 1. Implant at site of #23 shows
periapical radiolucency

Statistical analysis:

Figure 2. Implants shows surrounding bo
loss

For analysis, a statistical software Statistical and Machine Learning toolbox in MATLAB R2017a™ was used.
Implant failure was selected as a dependent variable. Confounding variables includes age, gender, site, smoking,
diabetes, hypertension, graft, sinus lift procedure, implant system, implant length, implant diameter, immediate
versus delayed placement and past periodontal history. Study variables includes department and level of training.
Variables were expressed in binary measures, 1- yes and 0- no to aid in analysis. Multiple excel sheets were
prepared that included dependent variable along with each confounding variables/study variables and multilevel
logistic regression was performed. Any the significant results were evaluated at P value of 0.05 error level.

Results:
A statistical analysis was conducted on the electronic health records of 1486 implants that were placed on 471
patients. 1378 (92.7%) implants had a successful outcome while 108 (7.3%) implants failed. There were 699
males and 787 females included in the study with the mean age of 59.65 years.
A multilevel logistic regression comparing the implant outcome to the variables was performed and clinician was
used as a random variable in the model. It was concluded that discipline, implant system and year of training has
a significant relationship with the outcome with p-values 0.0187, 0.0007 and 0.0541 respectively. The secondary
analysis included comparison of the implant outcome to Discipline, Implant and Year of Training using each
clinician as a random variable in the model. The findings obtained were considered significant at p-values 0.0024,
0.0004, <0.0001 respectively.

When adjusted for the level of training, the implant placement was compared amongst the residents in various
years of training in Periodontics, third year residents in OMFS, and one-year fellowship training in Prosthodontics
and GPR. For statistical analysis, the clinicians were stratified into groups based on the level of their clinical
expertise.
Group 1 (Beginners): first-year residents of Periodontics department and the residents from Prosthodontic
fellowship program

Group 2 (Intermediate): second-year residents from Periodontics department
Group 3 (Advanced): third-year residents from Periodontics and OMFS department
Group 4 (Highly Advanced): Faculties from the department of Periodontics
The overall implant survival rates for the level of training was significant- Group 1 (90.13%), Group 2
(89.38%), Group 3 (94.20%), Group 4 (100%).
The regression analysis comparing the discipline to implant outcome revealed significant statistical difference
that comes from the overall implants survival rates which were- GPR (97.3%), Periodontics (94.14%),
Prosthodontics (91.48%), OMFS (89.64%).
The implant outcomes amongst various implant systems were analyzed using each clinician as a random variable
in the model. The significant statistical difference comes from implants success rate which were- Straumann
(96.8%), Zimmer (96.02%), Astra (95.58%), Nobel (92.69%), 3i (86.80%), Biohorizons (84.38%), Ankylos
(89.28%), Keystone (50%).

Discussion:
The study retrospectively examined 2437 implants that were placed at LSU School of Dentistry from January 1st
2011 up till December 31st 2015. Based on the inclusion and exclusion criteria, 1486 implants were included in
the study. The objective was to understand whether the departmental training and resident experience along with
previously established risk factors for implant failure affected the implant outcome. Several parameters such as
age, gender, systemic conditions such as hypertension and diabetes, smoking, location, native bone versus grafted
bone, one stage versus two stage implant placement and implant characteristics- implant length and diameter,
resident training levels and overall department outcomes were analyzed. None of the previously established risk
factor findings were found to be significantly associated with implant failures.
The overall survival rate of the endosseous implants placed in the post graduate departments was 92.7% (1378
out of 1486 implants placed). This finding is lower compared to the published findings of the survival rates in the

literature. When the implant survival rates were compared individually amongst the clinical departments,
Periodontics performed well with the score of 94.14% (887 implants placed) in comparison with General Practice
residency, 97.30% (37), Oral and Maxillofacial Surgery, 89.64% (386) and Prosthodontics, 91.48% (176). The
survival rates were similar to the reports published in literature. Omran et al (2015) conducted a retrospective
study in the graduate periodontics department and reported the survival rates for short endosseous implants to be
95.77%. Veitz-Kennan (2017) et al reported the implant survival rate from 91.67% to 100% in periodontally
healthy patients whereas patients suffering from periodontitis had the lower range from 79.22%-100%. Also, in
the university study conducted by Zupnik et al (2011) they found the endosseous implant success rate as 96.48%
over 4 years.

The lower findings for OMFS and Prosthodontics could be attributed to the incomplete documentation on patient
records as they were some challenges in retrieving electronic health records for patients seen in these departments.
Also, it could be attributed to the poor consideration for soft tissues that may have influenced the long-term
survival rates of the implants (Benghazi et al, 1996; Bouri et al, 2008; Kim et al, 2009). Similarly, the lower
survival rates for implant outcomes in Prosthodontics could be associated to limited number of implant placement,
as the prosthodontics residents did not place any implants after the 2012. The implant placements were achieved
by the prosthodontic graduates enrolled in their fellowship program during 2011-2012. The residents in the
prosthodontics department did not have any surgical training during their residency. Moreover, the patients in
both OMFS and prosthodontics did not undergo a meticulous periodontal maintenance program as the patients in
the Periodontics department are enrolled in their maintenance program following treatment. Literature has
emphasized on the importance of maintenance for dental implant survival rate and the interval varies between 34 months in the first year of implant placement to 6-12 months afterwards (Lang et al, 1994; Todescan et al, 2012;
Wilson et al, 2014). Gay et al (2016) in his long-term retrospective analysis of implant outcome advocated regular

maintenance of dental implants and reported decrease in complications by 90% when compared to those patients
who received no care. He also reported reduced failures by 60% in patients who had erratic maintenance schedule.

The study compared the various major implant systems such Zimmer, Straumann, Nobel, Astra, Biomet 3i,
Biohorizons, Ankylos and Keystone and assessed their implant survival rate. The purpose of these comparisons
was to establish if implant surfaces, length and diameter influenced the success rate of the implant. The study
included variety of implant length ranging from 6mm to 16mm implant length and diameter varying from
minimum of 3.25mm to 6mm. The implant dimensions did not show any significant associations with implant
outcome. Annibali et al (2012) in his systematic review advocated use of short implants (<10mm) in atrophic
alveolar ridges. Their cumulative survival rate of 99.1% and over the period of 3.2 ± 1.7 yrs (mean ± SD) they
performed well biologically and biomechanically with a success rate of 98.8% and 99.9% respectively. Sung Ah
Lee et al (2013) reported similar short-term survival rates for rough short implants (5-8mm) and long implants
(>8mm) however the 5 year cumulative survival rates for long implants dropped to 88.5% while shorter implants
had the rate of 93.4%. This study attributed lower survival rates for longer implants to complex clinical surgeries,
technique sensitive procedures thus contributing to multiple surgeries, increase cost and time. On the contrary,
Lemos et al (2016) cautioned use of shorter implants (4-7mm) as they presented with lower success rate and
higher risk for failures in the posterior sites. In all, the study derives unremarkable conclusion from its analysis
and reports implant length and diameter did not influence the clinical outcome of the implant survival. However,
the additive surfaces of the implants provided superior performance and clinical efficacy by improved
osseointegration.
The survival rates for Straumann, Zimmer and Astra were found to be high and appears to be in a similar range
to the published data. The higher rate can be attributed to surface activation on these implant surfaces that provided
increased surface area for osseointegration.

Straumann- SLA and SLActive implants were used for placement in this study. The survival rate of 96.8% was
calculated based on the failure of 5 from 155 implants placed. Schwarz et al (2007) reported high bone fill and
increased bone height that led to overall improved osseointegration around SLA implants in his histological
analysis. Similarly, French et al (2015) reported a cumulative survival rate of 98.4% over 7 years follow up for
Straumann bone level and tissue level implants.
Zimmer- The implants included in this study were tapered screw vent (TSV). The survival rate of 96.02% was
calculated based on the failure of 15 out of 377 implants placed. In a university hospital study conducted by Nagi
et al (2016) 223 TSV implants were placed in maxilla and mandible and were restored as single crowns, bridge
or overdenture abutments. The cumulative survival rate calculated for these implants over 6 years was 96.9%.
Moreover, the high survival rate was concluded by Minichetti et al (2005) as TSV had a long term superior
performance in grafted extraction sockets over 36 months period.
Astra- The implants included in the study were osseospeed. The survival rate of 95.58% was calculated based on
the failure of 5 out of 113 implants placed. The higher performance of the implants was attributed to the active
surface treated with fluoride thus aiding in osseointegration by promoting osteoblast differentiation (Isa et al,
2006). Moreover, the implant geometric helped in better distribution of axial forces through the implant body
towards apical bone rather than creating stresses on the crestal bone (Hansson, 2000).

The study further aimed to identify association between type of clinical training and implant outcomes. Overall,
Group 4 performed well followed by Group 3, Group 1 and Group 2. The results are consistent with the literature
that reports positive association between increased clinician experience and improved outcomes, based upon their
greater emphasis on soft tissue management and their greater experience in placing implants (Brayer et al, 1989;
Kocher et al, 1997). Lambert et al (1997) reported clinicians who placed more than 50 implants were 2 times
more likely to have a better clinical outcome compared to inexperienced clinicians while the newer literature does
not report significant influence of operator experience on dental implant outcomes. Melo et al (2006) in their

university based study reported 91% survival rate of implants placed by OMFS residents that were followed up
for over 6 months. Similarly, Kohavi et al (2004) reported an unremarkable association in implant outcomes
between novice and experienced operators. The findings conclude that level and type of clinician training will
have a remarkable impact on implant failure.
Based on the analysis of the electronic health records, the study findings indicate that the type of clinician training
and experience have a positive association with implant outcome. Overall, third year residents performed well
achieving improved results following their faculties. The results emphasize on the importance of aggressive
clinical training endured over years in residency along with detailed knowledge of the literature that allow
development of clinical judgement and skills. These abilities allow them to address complications that may occur
during surgeries thus reducing the failure rates. The results also bring forth attention to the concept of “dental
implant training over weekend”. The dental professionals are subjected to grueling sessions comprised of hands
on training in simulation labs or live patients along with plethora of literature compacted into several short
presentations. While the concept does provide continuing education to these professionals allowing clinical skill
development and treatment planning proficiency, however, one cannot argue on the importance of systematic and
meticulous training provided in an academic setting that allows gradual honing and development of expertise of
dental professionals. There are several studies indicating increase in implant failure rates in general practice
setting (Da Silva et al, 2014). Lastly, the study finding will also allow for potential redesign of the implant
curriculum in dental school setting in order to minimize implant failure.

Conclusion:
Amongst the several predictor variables analyzed, discipline, implant systems and clinical training showed
significant associations with implant failure. We conclude that the implants placed by the residents in General
Practice Residency had the highest success rate followed by Periodontics, Prosthodontics and Oral Maxillofacial

Surgery; however the highest number of successful implants were placed by Periodontics (835) followed by Oral
Maxillofacial Surgery (346), Prosthodontics (161), General Practice Residency (36).
It is evident that the level and type of clinician training has an impact on implant failure rates in different residency
programs. Further studies may be necessary to identify the reasons for the differences in implant failure rates as
well as what potential changes in curriculum could be recommended to minimize these.

References:
1.

Adell R, Eriksson B, Lekholm U, Bra°nemark PI, Jemt T. Long-term follow-up study of osseointegrated implants in the
treatment of totally edentulous jaws. Int J Oral Maxillofac Implants 1990;5:347-359.

2.

Adibrad, M., Shahabuei, M., & Sahabi, M. (2009). Significance of the width of keratinized mucosa on the health status of the
supporting tissue around implants supporting overdentures. Journal of Oral Implantology, 35(5), 232-237.

3.

Annibali, S., Cristalli, M. P., Dell’Aquila, D., Bignozzi, I., La Monaca, G., & Pilloni, A. (2012). Short dental implants: a
systematic review. Journal of dental research, 91(1), 25-32.

4.

Arlin, M. L. (2005). Short dental implants as a treatment option: results from an observational study in a single private
practice. The International journal of oral & maxillofacial implants, 21(5), 769-776.

5.

Attard, N. J., & Zarb, G. A. (2003). Implant prosthodontic management of partially edentulous patients missing posterior teeth:
the Toronto experience.The Journal of prosthetic dentistry, 89(4), 352-359.

6.

Bouri Jr, A., Bissada, N., Al-Zahrani, M. S., Faddoul, F., & Nouneh, I. (2008). Width of keratinized gingiva and the health
status of the supporting tissues around dental implants. International Journal of Oral & Maxillofacial Implants, 23(2).

7.

Bengazi, F., Wennström, J. L., & Lekholm, U. (1996). Recession of the soft tissue margin at oral implants. A 2‐year longitudinal
prospective study. Clinical Oral Implants Research, 7(4), 303-310.

8.

Bergendal, T., & Engquist, B. (1997). Implant-supported overdentures: a longitudinal prospective study. The International
journal of oral & maxillofacial implants, 13(2), 253-262.

9.

Brayer, W. K., Mellonig, J. T., Dunlap, R. M., Marinak, K. W., & Carson, R. E. (1989). Scaling and Root Planing Effectiveness:
The Effect of Root Surface Access and Operator Experience*. Journal of periodontology, 60(1), 67-72.

10. Carr, A. B., Choi, Y. G., Eckert, S. E., & Desjardins, R. P. (2002). Retrospective cohort study of the clinical performance of 1stage dental implants. The International journal of oral & maxillofacial implants, 18(3), 399-405.
11. Da Silva, J. D., Kazimiroff, J., Papas, A., Curro, F. A., Thompson, V. P., Vena, D. A., ... & Craig, R. G. (2014). Outcomes of
implants and restorations placed in general dental practices: a retrospective study by the Practitioners Engaged in Applied
Research and Learning (PEARL) Network. The Journal of the American Dental Association, 145(7), 704-713.
12. Dental Implant Facts and Figures- AAID: American Academy of Implant Dentistry. Retrieved January 6, 2016 from
http://www.aaid.com/about/press_room/dental_implants_faq.html
13. French, D., Larjava, H., & Ofec, R. (2015). Retrospective cohort study of 4591 Straumann implants in private practice setting,
with up to 10‐year follow‐up. Part 1: multivariate survival analysis. Clinical oral implants research, 26(11), 1345-1354.

14. Gay, I. C., Tran, D. T., Weltman, R., Parthasarathy, K., Diaz‐Rodriguez, J., Walji, M., ... & Friedman, L. (2016). Role of
supportive maintenance therapy on implant survival: a university‐based 17 years retrospective analysis. International journal
of dental hygiene, 14(4), 267-271.
15. Hansson, S. (2000). Implant‐Abutment Interface: Biomechanical Study of Flat Top versus Conical. Clinical Implant Dentistry
and Related Research, 2(1), 33-41.
16. Isa, Z. M., Schneider, G. B., Zaharias, R., Seabold, D., & Stanford, C. M. (2006). Effects of fluoride-modified titanium surfaces
on osteoblast proliferation and gene expression. International Journal of Oral & Maxillofacial Implants, 21(2).
17. Kim, B. S., Kim, Y. K., Yun, P. Y., Yi, Y. J., Lee, H. J., Kim, S. G., & Son, J. S. (2009). Evaluation of peri-implant tissue
response according to the presence of keratinized mucosa. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and
Endodontics, 107(3), e24-e28.
18. Kohavi, D., Azran, G., Shapira, L., & Casap, N. (2004). Retrospective clinical review of dental implants placed in a university
training program. Journal of Oral Implantology, 30(1), 23-29.
19. Lambert, P. M., Morris, H. F., & Ochi, S. (1997). Positive effect of surgical experience with implants on second-stage implant
survival. Journal of oral and maxillofacial surgery, 55(12), 12-18.
20. Lang NP, Nyman SR. Supportive maintenance care for patientswith implants and advanced restorative therapy. Periodontol
1994;2000: 119–126.
21. Lee, S. A., Lee, C. T., Fu, M. M., Elmisalati, W., & Chuang, S. K. (2013). Clinical Success of Short Dental Implants: Systematic
Review and Meta-Analysis on Randomized Controlled Trials. Journal of Oral and Maxillofacial Surgery, 71(9), e12-e13.
22. Lemos, C. A. A., Ferro-Alves, M. L., Okamoto, R., Mendonça, M. R., & Pellizzer, E. P. (2016). Short dental implants versus
standard dental implants placed in the posterior jaws: A systematic review and meta-analysis. Journal of dentistry, 47, 8-17.
23. Melo, M. D., Shafie, H., & Obeid, G. (2006). Implant survival rates for oral and maxillofacial surgery residents: a retrospective
clinical review with analysis of resident level of training on implant survival. Journal of oral and maxillofacial surgery, 64(8),
1185-1189.
24. Minichetti, J. C., D'Amore, J. C., & Hong, A. Y. (2005). Three-year analysis of Tapered Screw-Vent implants placed into
extraction sockets grafted with mineralized bone allograft. Journal of Oral Implantology, 31(6), 283-293.
25. Misch, C. E., Perel, M. L., Wang, H. L., Sammartino, G., Galindo-Moreno, P., Trisi, P., ... & Schwartz-Arad, D. (2008). Implant
success, survival, and failure: the International Congress of Oral Implantologists (ICOI) pisa consensus conference. Implant
dentistry, 17(1), 5-15.
26. Nagi, S. E., Khan, F. R., & Ali, K. (2016). A 6-year Evaluation of 223 Tapered Dental Implants and associated prosthesis in
92 patients at a university hospital. JPMA: Journal of Pakistan Medical Association, 66(10), S-33.
27. Noda, K., Arakawa, H., Kimura-Ono, A., Yamazaki, S., Hara, E. S., Sonoyama, W., & Kuboki, T. (2015). A longitudinal
retrospective study of the analysis of the risk factors of implant failure by the application of generalized estimating
equations. Journal of prosthodontic research, 59(3), 178-184.
28. Omran, M. T. A., Miley, D. D., McLeod, D. E., & Garcia, M. N. (2015). Retrospective assessment of survival rate for short
endosseous dental implants. Implant dentistry, 24(2), 185-191.
29. Pabst, A. M., Walter, C., Ehbauer, S., Zwiener, I., Ziebart, T., Al-Nawas, B., & Klein, M. O. (2015). Analysis of implantfailure predictors in the posterior maxilla: A retrospective study of 1395 implants. Journal of Cranio-Maxillofacial
Surgery, 43(3), 414-420.
30. Veitz-Keenan, A., & Keenan, J. R. (2017). Implant outcomes poorer in patients with history of periodontal disease. Evidencebased dentistry, 18(1), 5.

31. Salvi GE, Carollo-Bittel B, Lang NP. Effects of diabetes mellitus on periodontal and peri-implant conditions: update on
associations and risks. J Clin Periodontol 2008;35 8 Suppl:398–409.
32. Schwarz F, Herten M, Sager M, Wieland M, Dard M, Becker J. Histological and immunohistochemical analysis of initial and
early osseous integration at chemically modified and conventional SLA titanium implants: Preliminary results of a pilot study
in dogs. Clin Oral Implants Res. 2007;18:481–488.
33. Strietzel FP, Reichart PA, Kale A, Kulkarni M, Wegner B, Kuchler I. Smoking interferes with the prognosis of dental implant
treatment: a systematic review and meta-analysis. J Clin Periodontol 2007;34:523–544.
34. Thomas Kocher, Andreas Ruhling, Hauke Momsen and Hans-Christian Plagmann. (1997) Effectiveness of subgingival
instrumentation with power-driven instruments in the hands of experienced and inexperienced operators. A study on manikins.
Journal of Clinical Periodontology 24:7, 498-504.
35. Todescan S, Lavigne S, Kelekis-Cholakis A. Guidance for the maintenance care of dental implants: clinical review. J Can Dent
Assoc 2012; 78: c107.
36. Wilson TG Jr, Valderrama P, Rodrigues DB. The case for routine maintenance of dental implants. J Periodontol 2014; 85: 657–
660
37. Wilson TG Jr. A typical maintenance visit for patients with dental implants. Periodontol 2000 1996; 12: 29.
38. Zupnik, J., Kim, S. W., Ravens, D., Karimbux, N., & Guze, K. (2011). Factors Associated With Dental Implant Survival: A 4‐
Year Retrospective Analysis. Journal of periodontology, 82(10), 1390-1395.

