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Abstract

Tooth loss amongst adults can be a catastrophic event; the inability to properly masticate can lead to gastric disease and malnutrition.
Facial collapse promoted by the missing bone structure contributes significantly to lack of self-esteem which may in turn; contribute
to a decreased quality of life. Dentistry has been able to overcome this oral deterioration through the use of dental implants and prop-
er prosthetic appliances. The objective of this literature search was to perform a narrative review of potential risk factors associated
with implant loss such as: tobacco use, professional maintenance therapy, diabetes mellitus, implant surface characteristics, length
and diameter of implants, bone density, bone graft procedure, age and osteoporosis. Relevant papers for this review were identified
by a search of computerized databases and journals. Some factors associated with dental implant loss were consistently identified in
the literature such as smoking and professional maintenance therapy; unfortunately some still remain controversial; further research

is mandated to elucidate their role.

The total edentulism rate in the United States adult population is approximately 18 million people. In 45- to 54-year old patients,
31.3% have mandibular free-end edentulism, while 13.6% have free-end maxillary edentulism [1]. Among different alternatives for
teeth replacement, dental implants have become a preferred treatment option. Augusti., et al. [2] evaluated the preference of a patient
population, according to the willingness to pay for restoration of a single-tooth gap with either an implant-supported crown (ISC)
or a 3-unit fixed partial denture prosthesis (FPDP) on natural teeth. Sixty-four percent of the patients expressed a preference for the

implant-supported crown, while the remaining 36% of the population chose the fixed partial denture prostheses.

Published literature has reported favorable short term and long-term survival rates for implants. The term “survival rate” refers to
whether the implant is still physically in the mouth or has been removed [3]. In a systematic review, based on 23 prospective studies
including 1312 dental implants, the 5-year implant survival rate was estimated to be 97.7%; and based on four prospective studies
including 124 implants; the 10-year implant survival rate was estimated to be 94.9% [4]. Other studies showed 10-year survival rates

of more than 97% for implants replacing single missing teeth [5,6].

Because of the importance of implants in restorative dentistry, studies of new technology, techniques, and risk factors are being
conducted to improve implant survival. This paper aimed at critically reviewing the current literature on risk factors associated with

implant failures.
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Literature Search
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Relevant papers for this review were identified by a search of computerized databases using the key words “dental implant”, “risk
factors”, “survival rate”, and “failure”. A manual search was conducted in journals where articles on the risk factors of dental implants fail-
ure were found such as: Clinical Oral Implants Research, Implant Dentistry, Journal of Clinical Periodontology, Journal of Periodontology,
Journal of Dental Research, International Journal of Oral & Maxillofacial Implants, International Journal of Periodontics & Restorative
Dentistry, Journal of Prosthodontics, Journal of Oral and Maxillofacial Surgery, Periodontology 2000, Annals of Periodontology, Clinical

Implant Dentistry and Related Research.

Implant Survival: Smoking
Among the risk factors of implant failure, smoking was the one that is modifiable. According to the CDC, an estimated 42.1 million

people, or 18.1% of all adults in the United States smoke cigarettes [7]. The detrimental systemic effects of smoking have been well docu-
mented. Smoking has been well established as a risk factor for periodontitis and as the second strongest of the modifiable risk factors,
the first being bacterial plaque [8]. He negative effects of smoking on the periodontium have been attributed to decreased immunoglobu-
lin G2 production, chronic reduction in blood flow and vascularity, increased prevalence of periodontal pathogens, shift in neutrophil
function towards destructive activities, negative effects on cytokine and growth. Johnson., et al. [9] mentioned in her review article that
implants placed in cigarette smoking individuals have shown approximately twice the failure rate based on a variety of implant designs
and surfaces. In addition to the increased implant failure rates in smokers, Rodriguez-Argueta., et al. reported that smokers had an in-
creased risk of complications such as infection (2 cases), peri-implantitis (70 cases), implant loss (32 cases) and mucositis (105 cases),

compared to nonsmoking patients [10].

In 2008 a systematic review [11] that included implant placement in individuals with diabetes (4 articles), smokers (19 articles),
and treated periodontitis (13 articles), showed that implant survival and success rates were statistically superior in non-smokers when
compared to smokers. The survival rate differences were even greater when considering implant placement in trabecular bone. No sig-

nificant difference was found for the other risk factors. Similar results have been found in other studies [12,13].

The amount of cigarettes smoked daily has been shown to influence implant survival. A case series study by Sanchez-Perez analyzed
66 patients that received a total of 165 implants over a period of 5 years and divided them into smokers and non- smokers [14]. The
smokers were classified as light, moderate or heavy smokers. They found that the success rates were 84% for smokers and 98.6% for
non-smokers. They also found that among smokers, heavy smokers had more than twice a risk for implant failure than light or moderate

smokers. Non-smokers only had one failure.

Since it is not always realistic to expect individuals to abandon their smoking habits, a protocol for smokers undergoing implant sur-
gery was proposed. Bain and Moy reported the outcome of 2,194 Branemark implants placed in 540 patients over a 6 year period [15].
Smokers had a significantly greater percentage of failures (11.28%) compared with nonsmokers (4.76%). The authors proposed that
individuals interested in implant retained restorations should cease smoking at least 1 week prior to surgery and 8 weeks after implant

placement allowing time for bone healing and early osseointegration.

Implant Survival: Maintenance

Maintenance of implant restorations is crucial because most causes of implant failure, after implant loading, can be identified, cor-
rected or prevented by a regular maintenance program and monitoring of the implant restoration. Some causes of implant failure include
inflammation due to bacterial plaque accumulation, occlusal discrepancies or iatrogenic factors such as residual excess cement. Wilson.,
et al. studied the relationship between excess dental cement and peri-implant disease using the dental endoscope [16]. Thirty-nine pa-
tients with peri-implantitis were studied. Twelve of these patients had similar implants without signs of inflammation; these implants
served as controls. Twenty control implants, i.e. no peri-implantitis, and 42 test implants were evaluated over a 30-day follow-up period.
The authors found excess cement in 81% of the test sites and in no cement within the sulci of the control implants. Thirty days after ce-

ment removal, 74% of the test sites from which the cement was removed had no clinical or endoscopic signs of peri-implant disease.
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Oliveira,, et al. followed 212 partially edentulous patients who received dental implants over a 5 year period [17]. Eighty individuals
were diagnosed with mucositis (inflammation in the gingival tissues surrounding the implant restoration with no bone loss around the
implant body) at the baseline examination. These individuals were divided into two groups: one group with preventive maintenance
during the study period (n = 39), and another group without preventive maintenance (n = 41). Plaque index, bleeding on periodontal
and peri-implant probing, periodontal and peri-implant probing depths, suppuration and peri-implant bone loss were monitored. Over
the five year period, the incidence of peri-implantitis (inflammation in the surrounding gingival tissues along with bone loss around
the implant body) when both groups were included was 31.2%. The incidence of peri-implantitis was 18% in the group with preven-
tive maintenance, and 43.9% in the group without preventive maintenance. In this study, the absence of preventive maintenance in
individuals with pre-existing peri-implant mucositis was associated with a high incidence of peri-implantitis. Clinical parameters, such
as bleeding on peri-implant probing, periodontal probing depth and the presence of periodontitis were associated with a higher risk of

developing peri-implantitis.

Similar results were found in a 10-year retrospective study by Anner,, et al. [18] Data were collected from 475 patient files with
regards to smoking habits, periodontal condition, diabetes mellitus, implant survival, and time when implant failure occurred. Patients
were divided into those who participated in a supportive periodontal program in the clinic and those who only attended the annual
free-of-charge implant examination. Seventy-seven out of 1626 implants (4.7%) were lost in 58 patients after a mean period of 2 years.
Fifty-seven percent of these patients participated in a structured supportive periodontal program in the clinic, and 48.3% only attended
the annual free of charge implant examination. Smoking habits and attendance in a regular supportive periodontal program were statis-
tically associated with implant survival. Twice as many implants failed in smokers compared to non-smoker, as well as in patients who
did not participate in a regular maintenance program compared to individuals who participated in a structured supportive periodontal
maintenance program. Patients with (treated) moderate-to-advanced chronic periodontal disease demonstrated higher implant failure
rates but, this difference did not reach statistical significance. Diabetes mellitus was not related to implant survival in this patient cohort.
Smoking and attendance to a regular supportive periodontal program were strongly related to implant survival. Special attention should

be given to continuous periodontal supportive programs to implant patients.

As stated above, plaque accumulation around implant prostheses leads to an inflammatory reaction which results in a reversible
peri-implant mucositis or a condition which results in loss of bone support around the implant, peri-implantitis. Inability or inaccessi-
bility of oral hygiene practices, along with lack of regular professional periodontal maintenance supports plaque accumulation and may

promote peri-implant inflammatory conditions which could ultimately cause implant failure.

Supporting the concept of accessibility to plaque control, a 2009 study evaluated 23 patients who were treated for peri-implantitis
[19]. The patients were categorized into groups: Periodontitis/No periodontitis, Bone loss/No bone loss around teeth, Smoker/Non-
smokers. The majority of patients (13) had minimal bone loss around their teeth and no current periodontitis. Six patients were smok-
ers. Periodontal evaluation of the dentitions found that only 6% of the 281 teeth present had associated periodontal pockets measuring
6 mm or more, compared to 53% of the 109 implants. Seventy-four percent of the implants were stated to have no accessibility to proper
oral hygiene. A high proportion of implants diagnosed with peri-implantitis (48%) were associated with no accessibility or capability
for appropriate oral hygiene measures. Only 4% of the implants with adequate accessibility or capability for appropriate oral hygiene

measures were diagnosed with peri-implantitis.

Implant Survival: Diabetes Mellitus

Diabetes mellitus is one of the world’s major chronic health problems. In the United States alone, this metabolic disorder affects an
estimated 15.7 million individuals, 5.9% of the population [20]. Diabetes mellitus is a metabolic disorder resulting from defective secre-
tion or lack of sensitivity to insulin leading to an increase of glucose circulating in the bloodstream, or hyperglycemia. According to the

American Diabetes Association, there are three types of diabetes: Type 1, Type 2, and gestational diabetes [21].
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Type 1 diabetes mellitus is caused by an autoimmune destruction of the beta- cells in the islets of Langerhans of the pancreas lead-
ing to an insulin deficiency. Only approximately 10% of the patients with DM have type 1 diabetes and the remaining 90% have type 2
diabetes mellitus [21]. The patient with type 1 diabetes must rely on insulin medication and close dietary control for survival. Type 2
diabetes is caused by a lack of sensitivity to insulin by the cells of the body, particularly fat and muscle cells. An increased insulin pro-
duction occurs as a compensatory mechanism attempting for the cells to be able to recognize and use insulin. Gestational diabetes mel-
litus (GDM) is glucose intolerance that begins during pregnancy. Although dental implants may have enhanced functional and esthetic
outcomes over other types of restorations, their use has some relative or absolute contraindications, such as certain systemic illnesses.
The long term maintenance of osseointegration depends on physiological bone remodeling, which has been reported to be altered in
diabetic patients. It has been demonstrated that diabetes decreases the rate of bone formation and alters bone remodeling due to ad-

vanced glycosylation end products [22].

A retrospective study of dental implants in diabetic patients was published by Fiorellini., et al. [23] Two hundred fifteen implants
were placed in 40 patients with diabetes. The overall success rate was 85.6%. It was found that the survival rate of implants in con-
trolled diabetic patients was lower than that documented for the general population. The increase in failure rate occurred during the

first year following prosthetic loading.

Similar to the previous study, in a prospective study of 178 implants placed in 89 well-controlled type 2 diabetics, the survival rate
was 92.7% within the first year of functional loading, while the 5-year survival rate was 90% [24]. The authors suggested that the di-
minished vascularization associated with diabetes could lead to a diminished bone remodeling, explaining implant failure in diabetic

patients.

A 1999 Fiorellini et al. study utilized a diabetic rat model to study the influence of insulin on osseointegration [25]. The authors
found that when insulin was administered in the diabetic rat, bone formation was up regulated. However, the percentage of marrow
bone to implant contact was lower in the insulin controlled group when compared to non-diabetic rats. Newly formed bone around
implants that is immature and less organized has also been reported in other diabetic animal studies [26]. Reduced bone formation in

individuals with diabetes has been also reported by other investigators such as Kotsovilis., et al. [27]and He., et al. [22].

A 2014 systematic review and meta-analysis conducted by Chrcanovic,, et al. investigated the effects of diabetes mellitus on implant
failure rates and marginal bone loss [28]. Fourteen studies were included. Statistically significant more marginal bone loss was found

in individuals with diabetes compared to non-diabetic individuals, but no difference in failure rates.

Aside from the metabolic effects on bone homeostasis, the systemic effects of hyperglycemia influence collagen production, turn
over, and tensile strength. Additionally, an increased in the production of collagenase occurs, which deteriorates collagen molecules.
While collagen production and stability plays a role in establishing osseointegration, several studies have reported similar implant
survival rates in diabetic individuals with well-controlled blood glucose levels as compared to non-diabetic individuals. In a 2009 sys-
tematic review of 18 articles published from 1982 to 2009, poorly controlled blood glucose negatively affected implant osseointegra-
tion [29]. However, under optimal glycemic control, osseointegration was found to be successful in diabetic patients. Similar results
have been found in other studies [30,31]. A study by Balshi,, et al. supported this concept following 227 Branemark implants placed in
34 well-controlled diabetic patients from 1987 to 1998 [20]. At the time of second-stage surgery, 214 of the implants had osseointe-
grated, yielding a survival rate of 94.3%. Only one failure was identified among the 177 implants followed through final restoration, a
clinical survival rate of 99.9%. The authors concluded that success of dental implants in well and fairly controlled diabetic patients is
comparable to that of non-diabetic patients. They also stated that the successful results were not only due to controlled diabetes but to

prophylactic remedies and adequate postsurgical maintenance.

Implant Survival: Implant Surface Characteristics
Dental implants have been a feasible treatment option since the 1960s. Transosseous implants were introduced in 1968. Today,
many manufacturers produce root form, endoosseous dental implants composed of titanium with varying dimensions and propriety

surface treatments. Implant surfaces vary in their structural and chemical compositions which aim to enhance the biologic response.
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Surface treatments include sandblasted, acid etched, anodized, laser-modified, and calcium phosphate coatings. A systematic review by
Esposito., et al. [32] stated that more than 1,300 different implants are available. Comparison of the failure rates of 38 different types of
implants with different surface characteristics, shapes, and materials, did not find significant evidence from trials to demonstrate the
superiority of any particular type of implant characteristic or implant system over another. There was no evidence showing that any

particular type of dental implant had greater long-term success.

Implant Survival: Short and Narrow Implants

A 2009 systematic review and meta-analysis evaluated the survival of short (<or = 8 or <10 mm) and conventional (>or = 10
mm) rough-surface dental implants [33]. Three hundred articles were examined, and 37 articles reporting on 22 patient cohorts were
selected for analysis. No statistically significant differences in survival rates were found between the short (<or = 8 or <10 mm) and

conventional (>or = 10 mm) rough-surface implants placed in totally or partially edentulous patients.

Similar findings were reported by Klein., et al relating to narrow diameter implants [34]. This systematic review evaluated implants
placed from 1995 to 2012. Implant diameters were divided into 3 categories: 1 (< 3.0 mm), 2 (3.00 to 3.25 mm), and 3 (3.30 to 3.50
mm). Dental implants < 3.0 mm (mini-implants) had survival rates between 90.9% and 100%. For dental implants with a diameter
between 3.0 and 3.25 mm, the survival rates for ranged between 93.8% and 100%. The survival rates of implants of 3.3 to 3.5 were
between 88.9% and 100%, and success rates ranged between 91.4% and 97.6%. They found no statistically significant difference in
implant survival compared to conventional implants with an odds ratio of 1.16.A 2006 review which included 53 human studies from
1990-2005, corroborated these findings [35]. The authors stated that the survival rates for short and for wide-diameter implants have
been found to be comparable with those obtained with longer implants and those of a standard diameter. They explained that the fail-
ures encountered were associated with operators’ learning curves, the use of machined-surfaced implants, and the placement in sites

with poor bone density.

Implant Survival: Bone density

Survival rates based on bone density have been previously reported by Jaffin and colleagues [36]. In a five year analysis of 1,054
implants, the authors found a 3% failure rate when implants were placed in types 1, 2 and 3 bone, compared to a 35% failure rate when
placed in type 4 bone. They concluded that implants placed in the posterior maxilla are less well supported compared to implants

placed in the anterior mandible.

Misch [37] described four bone densities found in the anterior and posterior edentulous regions of the maxilla and mandible. D1
bone is primarily dense cortical bone and is mostly seen in the anterior mandible. D2 bone has dense to thick porous cortical bone on
the crest and coarse trabecular bone underneath and can be found in the anterior and posterior mandible and anterior maxilla.D3 bone
has a thinner porous cortical crest and fine trabecular-bone-within and can be found in the anterior and posterior maxilla and posterior
mandible. D4 bone has almost no crystal cortical bone with fine trabecular bone composing almost all of the total volume of bone and

is found most frequently in the posterior maxilla.

Implant Survival: Grafted Bone versus Native Bone

There have been few studies published which have made direct comparisons of survival rates of implants placed in grafted versus
native bone. The results have been contradictory and often affected by various limitations. A systematic review [38] and three retro-
spective studies [39-41] found no difference between the survival of implants placed in native or augmented bone. However, these four
studies limited the comparison to the posterior maxilla. A 2003 systematic review by Hammerle., et al. [42] compared the survival rates
of implants placed at sites augmented by GBR versus native bone. No significant differences were found between implants in regener-

ated compared to implants in non-regenerated bone.

Other studies found differences in the survival rates of implants placed in grafted sites as compared to native bone [43-45]. Sesma.,
et al. [43] published a study evaluating survival of 988 dual acid-etched implants placed in native bone, after sinus augmentation, or

after autogenous block bone grafting procedures. After following implant survival up to six years post-placement, the authors found a
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significant association between dental implant failure and the presence of bone graft in the implant area. However, due to the specific-
ity of the implant design and augmentation procedures outlined by Sesma,, et al. [43] the results could not be applied to other types of

implants and bone augmentation therapies.

Contrary to all of the above, two studies found higher implant success rates for implants placed in the grafted maxillary sinuses
compared to implants placed at non-grafted posterior maxilla sites [44,45]. Olson,, et al. explained that their results could be attributed
to the use of longer implants in the grafted sites.44 Shortcomings of these studies include insufficient follow up time, sample size to

allow necessary statistical analyses, [45] and lack of control for confounders.

Implant Survival: Age

Aside from bone quality and bone grafting, implant survival rates have also been associated with other factors, including patient’s
age. Elderly people have a slower healing response. The inflammatory response is decreased or delayed [46]. These factors added to
the co morbidities that many elderly people have, could have an impact in the dental implants outcome. In a 7 year longitudinal study
of 1,022 ITI implants placed in 440 patients, the lowest success rates were observed for implants placed in older patients (older than

60 years), periodontally treated patients, and completely edentulous arches [47].

However, the effect of age on implant survival was not clear in other studies [48-50]. In a 1993 study by Jemt [48], marginal bone
response around the neck of the implant showed a modeling and remodeling pattern similar to that found in younger patients. Most
patients had minimal post-placement problems, similar to what has been observed in younger patients. Meijer., et al. [49] found that
after 3 years, performance of implant-supported over dentures in the mandible was equally successful in younger and older patients,

both clinically and radiographically.

Implant Survival: Osteoporosis

Implant survival and surgical risks have been questioned in post-menopausal women mostly due to the risk of osteoporosis. In
the United States, according to the World Health Organization (WHO) criteria, from 13 to 18% of women aged 50 years or older have
osteoporosis, and another 37 to 50% have osteopenia [51]. According to the National Osteoporosis Foundation, osteoporosis, or porous
bone, is a disease characterized by low bone mass and structural deterioration of bone tissue, leading to bone fragility and an increased
risk of fractures of the hip, spine, and wrist. It develops when bone resorption occurs too quickly or when replacement occurs too
slowly. According to the Lekholm and Zarb classification [52], osteoporotic bone is characterized as type IV bone. Some studies have

found a decreased implant survival in type IV bone due to decreased initial implant stability.

A review by Tsolaki,, et al. of 39 studies, including animal and human studies, found that there were lower osseointegration rates in
osteoporotic/osteopenia bone than in normal bone [53]. The authors suggested that even though implants are not contraindicated in
osteoporotic patients, the surgical technique should be adjusted and a longer healing period provided so that successful osseointegra-
tion can be achieved. They suggested placing the implant with the osteotome technique to improve bone density around the implant,

using smaller drills or larger diameter implants and a longer healing period.

However, other studies found no effect of osteoporosis on implant survival. A retrospective study by Holahan.,, et al. [54] showed
that women with osteoporosis or osteopenia had an implant survival comparable to women without osteoporosis. Arch location and
bone mineral density score did not have a statistically significant effect on implant survival rates. In a meta-analysis by Chen., et al. [55],
fifty-one studies were included with more than 40,000 dental implants placed. The influence of osteoporosis on the risk of dental im-
plant failure was direct but not significant. In a retrospective study of a 12-year cumulative survival rate of 164 dental implants placed
in 37 individuals diagnosed with osteoporosis or osteopenia. [56], high survival rates were found, 95.45% (osteopenia) and 98.59%
(osteoporosis). A high cumulative survival rate of the dental implants in osteoporosis patients, similar to that found in non-osteoporosis
patients, indicated the possibility that placing dental implants in individuals with osteoporosis can be considered with high treatment

predictability.
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Bisphosphonates are used to prevent and reduce the bone resorption associated with osteoporosis. For individuals treated for
osteoporosis or osteopenia, the American Association of Oral and Maxillofacial Surgeons recommends a discussion related to compro-
mised bone healing after implant therapy, especially if the implant is placed within 3 years of bisphosphonate therapy [57]. A 2009
systematic review by Madrid., et al. found that no bisphosphonate related osteonecrosis of the jaw (BRON]J) occurred in patients taking
oral bisphosphonates for less than 5 years, and concluded that implant placement in individuals taking bisphosphonates was safe [58].

The intake of oral bisphosphonates did not influence short term implant survival rates up to 4 years, ranging from 95 to 100%.

Conclusion
In conclusion, some factors associated with dental implant loss were consistently identified in the literature such as smoking and

professional maintenance therapy; unfortunately some still remain controversial and need more evidence from studies in the future.
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