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ABSTRACT 

 

Risk factors for dental implant failure: a 10-year retrospective study 

 

Dr. Fatima AlZarooni 

Principle supervisor: Dr. Momen Atieh – Associate Professor – Periodontology 

 

 

Background:  Owing to the high long-term survival rates of osseointegrated dental implants 

it has become increasingly used as the treatment of choice to replace missing teeth in the past 

few decades. Nevertheless, implant failures and loss may occur as a result of biological and 

technical complications.   

Aim:  To identify the risk factors associated with early and late implant failures in patients 

treated at Dubai Health Authority (DHA) and establish risk assessment model. 

Materials and Methods: A total of 645 patients aged ≥18 years had 830 failed implants at 

DHA between 2010 and 2019. The data was manually collected from records available at DHA 

and then analyzed using logistic regression analysis. The collected data was divided into two 

sub-categories; systemic-/patient-related factors, and implant-/site-related factors. The strength 

of association between the frequency of early and late implant failure and each variable was 

measured by chi-square analysis. Differences were considered statistically significant at P < 

0.05. For systemic and patient-related factors, the patient was considered the unit of analysis. 

For implant-related factors, the implant was considered as the statistical unit.   

Results:  Out of 14191 implants inserted during the observation period, 721 implants failed 

before loading (5.1%) and 109 implants failed after loading (0.8%). More than half of late 

failed implants (59.3%) were single implant and (57.0%) were screw-retained prostheses. A 

significant association was observed between implant failure and histories of treated 
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periodontitis (P < 0.0001), previous implant failure (P < 0.0001), and irregular dental 

attendance (P = 0.006). Implants inserted in the posterior region in both arches had a significant 

impact on implant failure with more early and late implant failures (P < 0.0001). The other 

variables did not influence early or late implant failures. 

Conclusion:  Within the limitations of this retrospective study, the analysis identified plausible 

risk factors for early implant failure, namely history of treated periodontitis, previous implant 

failure and irregular dental attendance that would allow clinicians to identify those at risk and 

ensure continuous peri-implant supportive care. Further studies are necessary to achieve more 

robust understanding on potential risk factors for implant failures and to provide effective 

preventive and therapeutic protocols. 
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1. INTRODUCTION 

 

Over the past few decades, the prevalence and incidence of tooth loss that commonly occurs 

as a result of disease and trauma have reduced (Silva Junior et al., 2019), but still remained 

amongst the detrimental conditions effecting the health of the world population (Marcenes et 

al., 2013). Functional and aesthetic problems may arise as a result of tooth loss, and the 

individual’s quality of life can also be affected (Gerritsen et al., 2010, Haag et al., 2017). Hence, 

a new field of dentistry; dental implantology which involves osseointegrated dental implants 

has been introduced to replace a missing tooth or teeth. Dental implants have developed from 

being experimental and an unreliable treatment modality to becoming an important therapeutic 

tool in the rehabilitation of partially and fully edentulous patients. The reason it is considered 

the therapy of choice is due to its superior occlusal stability (Quirynen et al., 1992, Goncalves 

et al., 2015, Fueki et al., 2016), masticatory efficiency, and its ability to restore missing teeth 

without damaging adjacent teeth (Awad et al., 2000, Tajbakhsh et al., 2013, Gates et al., 2014, 

Zembic and Wismeijer, 2014). 

Osseointegration was first defined as “direct functional and structural connection between 

living bone and the surface of load-bearing implant” (Albrektsson et al., 1981). Despite the 

high long-term survival rates (Adell et al., 1990, Lindquist et al., 1996, Roos-Jansaker et al., 

2006, Alsaadi et al., 2007); implant failure and loss may occur as a result of biological and 

technical complications (Berglundh et al., 2002). The incidence of implant failures varies in 

frequencies from 1% up to 22% (Adell et al., 1990, Lindquist et al., 1996, Roos-Jansaker et al., 

2006, Alsaadi et al., 2007). 

There are a wide variety of risk factors affecting implant failure and are generally divided into 

systemic- and patient-related factors (patient systemic status, age, smoking habits, 

parafunctional habits, oral hygiene maintenance, etc.), site- and implant-related factors 

(implant location, quantity and quality of bone, implant surface characteristics, implant height 
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and diameter, etc.), prosthesis-related factors (implant-abutment connection, excess cement, 

etc.) and the operator’s experience (Porter and von Fraunhofer, 2005, Levin, 2010). 
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2. REVIEW OF THE LITERATURE 

2.1. Definitions and criteria’s 

The terms success and survival are commonly misinterpreted and used incorrectly. Pjetursson 

and colleagues (2014) described the term implant success as a functional implant that does not 

have clinical symptoms, no signs of inflammation, and limited marginal bone loss (not more 

0.2 mm after the first year of function). While implant survival is when an implant is still 

retained in the oral cavity but with problems, and therefore requiring additional treatment and 

can be considered nonfunctional. 

Several implant success criteria’s are available, but the one proposed by Albrektsson and his 

colleagues (1986) is commonly used. This includes the following characteristics for an 

individual implant: 

• Clinically the implant must be immobile. 

• Radiographically there should be no evidence of peri-implant radiolucency. 

• Marginal bone loss should not be more than 0.2 mm annually after the first year of 

function. 

• Absence of persistent and/or irreversible signs and symptoms such as infection, pain, 

paresthesia, anesthesia and violation of the mandibular canal. 

• By these criteria, the minimum levels of success rate are (85%) and (80%) at 5 years 

and 10 years observational periods, respectively. 

More recently, esthetics which includes the peri-implant soft tissue have become part of the 

success criteria of implants inserted in the esthetic zone (Döring et al., 2004). Several studies 

have discussed this. Belser and colleagues (2004) indicated that harmony must exist between 

peri-implant soft tissues and healthy surrounding dentition. Buser and colleagues (2004) 

indicated that an important factor for implant success is patient satisfaction, especially when 

an implant is in the esthetic zone. A year later, an index termed pink esthetic score (PES) with 

7 parameters, was introduced to assess the appearance of peri-implant soft tissue in esthetic 
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zone. (Fürhauser et al., 2005) Belser and colleagues (2009) then modified the esthetic 

assessment to include a white esthetic score (WES) with 5 parameters to assess the general 

teeth appearance. 

On the other hand, terms such as ailing, failing and failed implant exists and have different 

descriptions. An ailing implant is when bone loss and pocketing occurs without inflammation 

or implant mobility. The failing implant is similar but with progressive bone loss and signs of 

inflammation, such as bleeding on probing and suppuration. While if an implant exhibits 

mobility, it has to be removed since the implant failed and is no longer functional (Meffert, 

1992). In a situation where an implant is part of a multiunit, splinted fixed prosthesis, mobility 

cannot be detected. Therefore, assessment of bone loss should be achieved by probing and 

radiographs. A continuous radiolucency around the entire implant is a definitive sign of failure 

(Esposito et al., 1998a). 

On the other hand, some previous studies proposed that regardless of an immobile implant, 

when (50%) bone loss is observed radiographically, this is considered a failed implant and 

should be removed (Misch et al., 2008). This concept has recently been challenged due to the 

advances in treatment of peri-implantitis that may arrests disease progression, thus converting 

the condition from unfavorable to favorable with respect to implant retention (Khoshkam et 

al., 2013). 

 

2.2. Classifications of implant failure 

Several classifications of implant failure have been proposed by various authors (Kate et al., 

2016).  However, the most commonly used is the classification of Esposito and co-workers, 

(1998a) which is based on osseointegration concept and includes four main categories 

(biological, mechanical, iatrogenic, and inadequate patient adaptation). The biological implant 

failures are divided into two categories depending on its time of occurrence; early or primary 

implant failure (before loading) where an implant has failed to establish osseointegration, and 
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late or secondary implant failure (after loading) where an implant failed to maintain previously 

achieved osseointegration. 

In early implant failures the clinically apparent mobility of an implant is a main clinical sign 

because the failure occurs from lack of osseointegration, rather than other parameters such as; 

pain or sensitivity during function or percussion, signs of infection, peri-implant radiolucency, 

and/or dull sounds when percussing (Esposito et al., 1998a). 

 

2.3. Prevalence of implant survival and failure 

2.3.1. Implant survival rates  

Several controlled clinical trials and systematic reviews are available documenting the survival 

and complication rates of dental implants. (Jung et al., 2012, Verma et al., 2013, Pjetursson et 

al., 2014, Hjalmarsson et al., 2016). 

In a systematic review by Pjetursson and his colleagues (2014), they reassessed the 5-year 

survival rate of implant-supported prostheses in comparison with the results of older 

publications that demonstrated the increasing survival rates, as a result of  improvements in 

implant therapy. The overall survival rate increased from (93.5% to 97.1%); (95.2 to 97.9%) 

for cemented prostheses, (77.6% to 96.8%) for screw-retained reconstruction, (92.6% to 

97.2%) for implant-supported single crowns, and (93.5% to 96.4%) for implant-supported 

fixed dental prostheses (FDPs) (Pjetursson et al., 2014). Survival rates for telescopic implant-

retained removable prostheses were also assessed and found to be (97.9%) and (100%) at 3 

years and 10.4 years, respectively (Verma et al., 2013). 

Additionally, in a 5-year prospective observational study on 590 patients with 990 implants 

inserted in a private practice settings, high cumulative survival and success rates were observed 

after 3 years (> 99%) and 5 years (97%) of loading (Cochran et al., 2007). Another systematic 

review reported 10-year survival rate of 94.6% and success rates ranging from 34.9% to 100% 

(Moraschini et al., 2015). In a recent 11-year retrospective study on 1279 implants evaluating 
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the risk factors for implant failure, it was established that the overall success rate of implants 

was above 95% (Mayta-Tovalino et al., 2019). 

Also, multiple authors reviewed the mean survival rates of implants for various procedures 

with different observational periods. Lang and colleagues (2012) observed survival rate of 94% 

for immediately placed implants after two years. Corbella and colleagues (2015) reported 5-

year implant survival rate in atrophic ridges between 86.5% and 98.2%. Annibali and 

colleagues (2012) reported survival rate of 99.1% for short dental implants over 3.1 years. Kim 

and colleagues (2012) found 5-year survival rates between 83.3% and 96.0% in patients treated 

for aggressive periodontitis, and Romanos and colleagues (2012) reported 7-year survival rate 

of 95.0% for implants supporting distal cantilevers. 

Therefore, survival rates of dental implants are generally considered high with good longevity 

but that does not necessarily indicate that the peri-implant soft tissues are healthy. The variation 

in the survival rates between studies is because of the different factors used to assess implant 

survival (Alsaadi et al., 2007). 

 

2.3.2. Implant failure rates 

As mentioned earlier, the failure rates are considered low. The literature available is 

controversial on whether early or late implant failures is more prevalent than the other. Some 

studies reported early implant failure rates being somewhat lower than late implant failures, 

(0.76% to 7.47%) and (2.1% to 11.3%) respectively (Berglundh et al., 2002, Baqain et al., 

2012). This evidence is supported in a longitudinal retrospective study by Chrcanovic and his 

colleagues (2016b), investigating implant-supported prostheses of 10,096 implants placed in 

2,670 patients between 1980 and 2014 at one specialist clinic. The overall implant failure rate 

was 6.36%, of which, 1.74% were early implant failures.  

In contrast, several other authors have reported the opposite (Han et al., 2014, Naert et al., 

1992, Zarb and Schmitt, 1990). It is also important to bear in mind that different definitions for 
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implant failure were used in the literature. For example, Mardinger and co-workers (2012), 

defined early implant failure as an implant loss occurring within the first year, while any 

implant loss after the first year of function was considered a late implant failure.  

 

2.4. Systemic- and patient-related factors 

2.4.1. Age  

The effect of age on implant failure is controversial. The majority of studies failed to show an 

association between age of patient at surgery and implant failure (Chrcanovic et al., 2014).  

However, in a long-term retrospective analysis, it was concluded that implant failure rate was 

higher among patients aged > 60 years (Moy et al., 2005). The suggested rationale for such 

observation, was the decreased bone quality and impaired wound healing associated in elder 

patients that might alter tissue response to implant placement and lead to failure (Shirota et al., 

1993). Moreover, the incidence of systemic diseases and medications usage commonly 

associated in elder patients can act as confounders. On the contrary, recent observations 

indicated that young patients had an overall significantly higher risk of implant failure than 

older patients in rehabilitation of fully edentulous jaws (Jemt, 2019). Moreover, middle-aged 

group of patients had significantly high risk of implant failure in partially edentulous jaws 

(Jemt, 2019). 

 

2.4.2. Gender 

Although, previous studies could not find such an association between gender and higher 

incidence of implant failures (Smith et al., 1992, Moy et al., 2005). More recently, studies are 

seeming to correlate male gender as a risk factor for increased implant failure (French et al., 

2015, Becker et al., 2016). In a 19-year retrospective study, both early and late implant failures 

were higher in male patients than females. Where 47% of early failures were due to infection, 

and 53% of the late failures were due to overloading (Han et al., 2014). These can be attributed 



8 

to the high incidence of  periodontal diseases (Shiau, 2018) and heavy occlusal forces (Koç et 

al., 2011) experienced among men. This was confirmed in meta-analysis that reported that 

males were about 1.21 times at higher risk for implant failure than females (Chrcanovic et al., 

2015). 

 

2.4.3. Diabetes mellitus 

Available evidence in the literature suggests that a bi-directional association between 

periodontal disease and glycemic control exist, where both diseases can influence each other 

potentially (Taylor, 2001). Periodontal therapy is less successful in poorly controlled diabetic 

individuals compared to well-controlled diabetic and non-diabetics individuals (Westfelt et al., 

1996). In the past, diabetes was considered a relative risk factor to implants because of their 

increased susceptibility to infections, impaired wound healing and microvascular 

complications (Gallacher et al., 1995, McMahon and Bistrian, 1995, Delamaire et al., 1997), 

thus altering bone healing around implant and affecting osseointegration (Turkyilmaz, 2010). 

Maintaining a stringent glycemic control is important to minimize some of the most common 

diabetic comorbidities (Nathan et al., 1993). Complications occur more commonly when 

plaque and bleeding on probing indices increase. As hemoglobin A1c (HbA1c) level is one of 

the most important factors affecting post-operative complications in diabetic patients (Tawil et 

al., 2008) and bone density in diabetic patients does not seem to affect implant survival (Morris 

et al., 2000), implants can be used successfully in well controlled diabetic patients, with mean 

HbA1c of 7.2% and high success rates can be achieved provided treatment is properly planned, 

executed and followed-up (Tawil et al., 2008).  

Several studies have specifically addressed implant treatment in well and moderately controlled 

diabetic patients, and reported success rates of 92.7% (Shernoff et al., 1994), 94.3% (Balshi 

and Wolfinger, 1999), 100% in well-controlled diabetic and 96.6% in moderately controlled 

diabetic patients (Gómez-Moreno et al., 2015). A prospective study of implants placed in the 
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mandible of well controlled diabetic patients revealed an early implant failure rate of 2.2% 

(after implants were uncovered) and late failure rate of 7.3% (one year after implantation) 

(Shernoff et al., 1994). A five-year survival rate of 90% was also reported (Olson et al., 2000). 

No differences in survival rate in the first 6 years between diabetic and non-diabetic patients 

were observed, but diabetic patients had lower implant survival rate than non-diabetic patients 

in a 20 year follow-up (Naujokat et al., 2016). Various authors reported a higher failure rate 

after about one year of implant placement (Morris et al., 2000, Sherif et al., 2014). They 

suggested that failure is associated with uncovering of implants and early phase of implant 

loading. The microvascular disturbance leading to impaired immune response and reduced 

bone turnover might be a contributing factor to the implant failure (Olson et al., 2000) and that 

diabetes is considered a risk factor for implant failure (Morris et al., 2000). 

But it is still unclear how the type and level of diabetic control and the duration of the disease 

is associated with implant failure (Olson et al., 2000, Naujokat et al., 2016). Nevertheless, it 

has been concluded, that there is no statistical significant difference in the success rate between 

well controlled diabetic patients and non-diabetic patients (Tawil et al., 2008, Turkyilmaz, 

2010, Chen et al., 2013). And it has been reported that immediate loading can be performed 

safely in moderately HbA1c values (Gómez-Moreno et al., 2015). 

Diabetic patients seem to have delayed osseointegration following implantation (Naujokat et 

al., 2016), are at a significantly increased risk of marginal bone loss and developing peri-

implantitis (Gómez-Moreno et al., 2015), and implant failure (Naujokat et al., 2016). Therefore, 

examining the causative mechanism and having the glycemic control re-assessed and optimized 

prior surgery is essential (Blanchaert, 1998) It is also recommended to avoid immediate loading 

(Michaeli et al., 2009, Naujokat et al., 2016). 

Furthermore, increased infection risk in diabetic patients can lead to impaired wound healing. 

Thus local infection post-surgically and decreased immune response, post-operative 

complications commonly occur (Abiko and Selimovic, 2010, Zupnik et al., 2011). 
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Controversial suggestions in the literature exist regarding the use of pre- or peri-operative 

prophylactic antibiotic for placing implants in systemically healthy patients, but there is a 

general agreement supporting the use of antibiotics for compromised patients such as diabetics 

undergoing implant placement (Blanchaert, 1998, Balshi and Wolfinger, 1999, Morris et al., 

2000). The main pathogens responsible for post-operative impaired wound healing in surgery 

are, streptococci, anaerobic Gram-positive cocci, and anaerobic Gram-negative rods (Beikler 

and Flemmig, 2003). Therefore, a low toxicity bactericidal antibiotic should be selected for 

prophylaxis, such as penicillin or amoxicillin. Clindamycin, metronidazole, or first generation 

cephalosporin as an alternative in cases of penicillin allergy (Garg, 1992). 

Moreover, it has been reported that rinsing with chlorhexidine digluconate (0.12%) mouthwash 

at the time of implant placement significantly reduced the failure rate from (13.5%) to (4.4%) 

in type 2 diabetic patients. Therefore, it is recommended for clinicians to use chlorhexidine 

rinses peri- and post-operatively at time of implant placement. Additionally, the use of HA-

coated implants can significantly increase the survival rate from (84.7% to 97.7%) in type 2 

diabetics (Morris et al., 2000). 

Similar conclusions in a prospective study, that patients with elevated HbA1c levels are at a 

higher risk of developing peri-implant diseases (Gómez-Moreno et al., 2015). A recent meta-

analysis has concluded that diabetic patients are at a (50%) increased risk of developing peri-

implant diseases in comparison to healthy patients (Monje et al., 2017a). 

 

2.4.4. Osteoporosis 

Osteoporosis is a metabolic disease associated with fragile, low bone mass and low bone 

mineral content that leads to pain, deformity and bone fracture. It has been shown to be related 

to gender, age and family incidence. Dobbs and colleagues (1999), have added that other risk 

can also lead to Osteoporosis, these include; early ovarian failure, low calcium ingestion, 

smoking, alcohol consumption, and low level of exercise.  
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Several authors have concluded that patients with osteoporosis are not contraindicated for 

receiving implant treatment. In a recent meta-analysis, although a direct relationship exists 

between osteoporosis and implant failure, no clear association and significant inverse impact 

was found (Chen et al., 2013). Other studies have suggested that although osteoporosis is not 

an absolute contraindication for implant failure, several measures can be performed to reduce 

the risk of implant failure, this includes keeping the implant for a longer period of 

osseointegration and the surgical technique are both necessary before prosthesis insertion 

(Tsolaki et al., 2009, Gaetti-Jardim et al., 2011). Keller and colleagues (2004), reported reduced 

bone-implant contact during early bone healing in osteoporosis. At the same time, it is critical 

to carefully evaluate the bone quality at the implant site, particularly the trabecular bone 

(Gaetti-Jardim et al., 2011). Likewise, Holahan (2008) and Slagter (2008) and their colleagues, 

concluded in their studies that osteoporosis and osteopenia does not have an influence on 

increasing the survival and failure rates of implants, thus implant treatment not being a 

contraindication for these patients. However, a weak association was found between density of 

peripheral bone and increased risk of implant failure (Bornstein et al., 2009). Also supporting 

the previous studies is a cross-sectional study involving 967 implants inserted in 203 women, 

no relationship was found between osteoporosis and peri-implantitis. Therefore, indicating that 

osteoporosis is not a risk factor biological complications and implant failure (Dvorak et al., 

2011). 

Therefore, proper diagnosis and implant treatment planning is critical in patients with 

osteoporosis. Which is achieved through a thorough history taking, physical examination and 

a detailed laboratory workup. Treatment of many cases may include physical exercise, 

adequate calcium intake, and the use of appropriate antiresorptive medications (Dobbs et al., 

1999).  

Bornstein and colleagues (Bornstein et al., 2009), have discussed the role of bisphosphonate 

therapy and its effect on bisphosphonate-related osteonecrosis of the jaw and it was found that 
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a significant association is present but dependent on the type of bisphosphonate, duration, drug 

dose, and route of administration. Whereas, its association with implant survival, there was 

insufficient data to support the relationship between dental implants and oral bisphosphonate.  

 

2.4.5. Radiotherapy 

According to research by Buser and colleagues (2000), patients treated with radiotherapy 

before or after implant insertion are at an increased risk of implant failure. This is supported in 

a recent meta-analysis by Chen and co-workers (2013), reporting significant association of 

implant failure in irradiated jaws. It has been suggested that such conditions could interfere 

with tissue healing process or increase a patient’s susceptibility to other disease, thus reducing 

implant survivability (Klokkevold and Han, 2007). 

Studies have shown that irradiated bone is 2 to 3 times at greater risk of implant failure when 

compared with non-irradiated bone, and that high radiation doses (> 45 Gy) can significantly 

decrease survival rate (Ihde et al., 2009, Dholam and Gurav, 2012). On the contrary, one study 

have reported that radiotherapy has no significant effect on implant survival when compared 

to non-radiated patients (Jisander et al., 1997). Besides this, higher failure rates are noticed in 

implants placed in irradiated maxilla compared to those in irradiated mandible (Ihde et al., 

2009, Colella et al., 2007). In another study, it has been suggested that location of implant in 

an irradiated jaw did not seem to effect implant survival rate (Doll et al., 2015). 

As with in a previous study by Granström (2005), who retrospectively evaluated implant 

survival rate in patients treated with radiotherapy. It was shown that these patients had a higher 

risk of implant failure, particularly those with higher radiation dose (50 Gy) when compared 

with non-radiated patients. Hence, when treating irradiated patients in specific institutes, 

implant therapy could be successful and high survival rate can be achieved. 

A couple of studies assessed the effect of radiotherapy on late implant failure  (Alsaadi et al., 

2008a, Doll et al., 2015). When both radiotherapy and chemotherapy are combined together, 
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an implant had 1.9 fold higher risk of implant failure compared to ablative surgery patients 

(Doll et al., 2015). Alsaadi and colleagues (2008a) reported higher incidence of late implant 

failure in patients treated with radiotherapy. 

During the bone repair and remodeling phase, altered osteoblast and osteoclast function occur, 

hypoxic-hypocellular and hypovascular tissues breakdown and tissue perfusion and fibrosis 

decrease as a result of bone response to irradiation. These responses vary widely and can 

depend on the administered dose of radiation (Dholam and Gurav, 2012). Therefore, 

recommendations have been proposed for achieving proper osseointegration of implants 

inserted in irradiated jaws. That would include placing implants at least 1 year after 

radiotherapy and restore the implant 6 months after implant insertion. Additionally, reduction 

in the number of implants inserted and selection of hydroxyapatite-coated titanium implants 

were also suggested (Dholam and Gurav, 2012). 

Furthermore, in order to reduce the risks associated with radiotherapy and implant failure, it 

has been reported that the application of fractionated dose is more tolerable than single 

exposure at the same level of intensity (Rubin, 1973). As well as the use of hyperbaric oxygen 

(HBO) as an adjunctive treatment to increase regenerative capacity of tissue; however, it seems 

to be insignificant in decreasing implant failure in patients treated with radiotherapy (Esposito 

et al., 2008). 

 

2.4.6. History of periodontitis 

The microbiotic flora associated with periodontitis is similar to that of involved in peri-implant 

disease (Apse et al., 1989, Mombelli and Lang, 1998, Quirynen and Teughels, 2003). That 

includes; gram-negative anaerobic rods, bacteroids, fusobacterim and spirochetes, all of which 

can lead to bone destruction and result in marginal bone loss (Mombelli, 1999). 

In a recent systematic review and meta-analysis by Ramanauskaite and co-workers (2014) 

assessing success and survival rates of implants in patients with and without history of 
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periodontitis; they found no difference in the implant survival rate. However, lower success 

rates were reported in patients with history of periodontitis and therefore, it was concluded that 

history periodontitis increases the risk of marginal bone loss and incidence of peri-implantitis. 

This is corresponding with the results of a previous systematic review by Safii and co-workers 

(2010). 

Furthermore, several systematic reviews assessing the relationship between failing implants 

and history of periodontitis reported no association (Bain et al., 2002, Schou, 2008).  

It is well established in the literature that patients with history of treated periodontal disease 

had an increased frequency of peri-implantitis, but this frequency can be reduced by following 

regular supportive periodontal care program. Additionally, the frequency of peri-implantitis is 

significantly high among smokers (36.3%) (Atieh et al., 2013). 

 

2.4.7. Presence of keratinized tissue 

Generally, having a wide band of attached keratinized tissue is considered beneficial for its role 

in maintaining healthy periodontium. That is achieved by providing physical barrier to oral 

biofilm, protecting periodontium from injury, dissipating masticatory forces (Miyasato et al., 

1977) and preventing gingival recession (Agudio et al., 2009). It also facilitates home care and 

biofilm control in a somewhat painless environment (Esposito et al., 1998b). 

Controversy in the literature exists regarding the effect of keratinized mucosa on peri-implant 

pocket depth, clinical attachment level and marginal bone loss. Multiple clinical trials have 

found a statistically significant relationship between absence of keratinized mucosa and peri-

implant attachment, bone loss and gingival recession (Zigdon and Machtei, 2008, Kim et al., 

2009). Schrott and colleagues (2009), reported higher gingival recession on buccal sites of 

keratinized mucosa < 2mm compared to sites with ≥ 2 mm. In contrast, other studies did not 

support these findings (Bengazi et al., 1996, Roos-Jansåker et al., 2006b, Chung et al., 2006). 

Various implant surface characteristics could be the cause of these differences (Adell et al., 
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1986, Wennström et al., 1994). It was found that smooth surface implants are not negatively 

affected by the lack of attached gingiva, while rough surface implants are and tend to 

accumulate more plaque and proinflammatory factors (Quirynen et al., 1993, Abrahamsson et 

al., 1996). 

A possible influence on implant failure has been also discussed (Esposito et al., 1998a, Cochran 

et al., 2007). However, there seems to be consensus that no correlation between width of 

keratinized mucosa and implant failure exists. Although, presence of attached keratinized tissue 

might be beneficial to the patient in some situations (Esposito et al., 1998b). 

 

2.4.8. Smoking habits 

Bain and Moy (1993) were the first authors to evaluate the effect of smoking on implant 

survival and found a relationship between them. This relationship is supported in several 

prospective studies, including a review by Kasat and Ladda (2012). However, other studies 

have indicated that smoking and implant survival rate are not associated. (Esposito et al., 

1998a, Esposito et al., 1998b, Lambert et al., 2000, Quirynen et al., 2001). 

Smoking produces heat and many toxic by-products which includes; nicotine, carbon 

monoxide, and hydrogen cyanide that binds to the cells involved in wound healing. Nicotine 

may effect cellular protein synthesis and impair the gingival fibroblast ability to adhere and 

therefore delay wound healing and/or aggravate periodontal disease (Snyder et al., 2002). 

Additionally, it is a potent vasoconstrictor that decreases the blood flow and amount of 

nutrients delivered to the healing site after implant insertion that consequently results in 

ischemia and decreased blood cells proliferation (Levin et al., 2005).  Also, it has a direct 

influence on increasing the susceptibility to local infections in the surgical site of an implant, 

through reducing macrophage proliferation that is involved in both specific and nonspecific 

immune responses during acute phase of cellular injury (Takamiya et al., 2014). On the other 

hand, carbon monoxide affects the red blood cells by reducing its oxygen carrying capacity, 
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whereas hydrogen cyanide inhibits the enzyme systems responsible for metabolism oxidation 

resulting in hypoxia. In addition, it was found that high levels of reactive oxygen present in 

smokers is associated with bone resorption process (Pereira et al., 2008). That being said, these 

complications are associated with an increased risk of peri-implant bone loss and implant 

failures (Lindquist et al., 1996, Levin et al., 2005, Strietzel et al., 2007, Schwartz-Arad et al., 

2002).  

Additionally, several authors have agreed that smoking affects bone quality by decreasing the 

bone density (Bain and Moy, 1993, De Bruyn and Collaert, 1994). Therefore, it indirectly 

influences success rate by giving rise to poor quality bone, as observed in the study of Bezerra 

and co-workers (2016) where two implants placed in the posterior maxilla of smokers did not 

osseointegrate.  

In regards to the smoking cessation protocol established by Bain (1996), the one week smoking 

cessation prior the implant placement surgery allows decreasing the levels of platelet adhesion 

and blood viscosity, as well as reversing the nicotine absorption short-term effects. However, 

continuing smoking cessation for eight weeks after the surgery is necessary to allow bone 

healing proceed the osteoblastic phase where early osseointegration have been established. 

Moreover, in a recent in-vitro study by Yang and colleagues (2019), evaluating the effect of 

cigarette smoke extract (CSE) exposure on the changes in characteristics of titanium surface 

and osteoblast-titanium interactions. The CSE intended to mimic the oral liquid environment 

around the implant under cigarette smoke exposure. It has been observed that immersing 

titanium samples in CSE has changed the surface characteristic and elemental composition of 

titanium surface due to the adsorption of the carbon-containing compound thus influencing the 

osteoblast-titanium interactions. Therefore, the authors concluded that the main cause of 

smoking-mediated inhibition of osseointegration is because of the adsorbed carbon-containing 

compounds. 
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The effect of smoking dose has been evaluated in several studies. In a long-term study, it was 

found that peri-implant marginal bone loss is influenced by the dose of tobacco used (Lindquist 

et al., 1996). Similarly, in another study radiographically assessing 646 implants inserted in 

161 patients, marginal bone loss was more in smokers than nonsmokers (P < 0.001). It was 

also observed that maxilla had greater marginal bone loss than in mandible (P < 0.001). Only 

3 implants failed, so the cumulative survival rate was (99.5%) (Nitzan et al., 2005). 

Schwartz-Arad and colleagues (2002) compared two groups of smokers who were divided 

based on number of cigarettes smoked per day (mild smoker ≤10/day; heavy smoker > 10/day) 

and the duration of smoking (mild smoker ≤10 years; heavy smoker > 10 years). It was 

concluded that there is a significant increase in complications in both groups compared to 

nonsmokers, and that the complication increases as the number of years smoking increases. 

Complications include cover screw exposure during early healing.  

In a retrospective analysis looking at the association between duration of smoking and long-

term implant survival, implant failure rate was 15% in current smokers, 9.6% in former 

smokers and 3.6% in nonsmokers. Similar to the previous study, it was found that a statistically 

significant association exists between the number of years smoking and increased risk of 

implant failure. The hazard ratio of implant failure increased from 1.5 for smokers who smoked 

<10 years to 5.36 for patients who smoked for >40 years (Mundt et al., 2006).  

In another study by Sanchez-Perez and co-workers (2007) patients were divided into four 

categories (never smoked or quit at least 10 years’ prior; light smoker <10/day; moderate 

smoker 10-20/day; heavy smoker >20/day). The risk of implant failure in smokers was 15.8% 

with an odds ratio of 13.1. The relative risk of implant failure in light or moderate smokers was 

10.1% whereas in heavy smokers it was 30.8%.  

Therefore, a thorough smoking history should be obtained when planning for an implant 

therapy and should include the current status of smoking, the duration and the past and current 

smoking intensities (Kasat and Ladda, 2012). 
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Giving to the available evidence that smoking reduces the success rate of dental surgical 

procedures, the operator should encourage smoker patients to cease smoking and emphasize 

on its ability of reducing implant complications. In high-risk patients, the dentist has to decide 

whether or not to perform the dental implant treatment, and if it was decided to be commenced, 

the patient’s informed consent is essentially required (Kasat and Ladda, 2012) 

In a prospective study investigating the early outcomes of Brånemark implants, patients were 

divided into three groups: nonsmokers, smokers who followed a smoking cessation protocol, 

and smokers who continued smoking. The cessation protocol was to cease smoking 1 week 

prior and 8 weeks after initial implant placement surgery. The author concluded that implant 

failure rates were significantly higher in the smokers who continued to smoke (38.46%) 

compared to the patients who followed the cessation protocol (11.76%) and nonsmokers 

(5.68%). No significant difference present between patients who quit smoking and 

nonsmokers. Therefore, it is recommended to follow smoking cessation protocol which can 

considerably improve success rate of implants osseointegration in smokers (Bain, 1996).  

Besides smoking cessation in reducing post-operative and soft tissue complications, it can be 

beneficial to use peri-operative antibiotics (Gorman et al., 1994)as well as high cover screw 

rather than flat cover screw to eliminate local risk factors associated with it (Schwartz-Arad et 

al., 2002). 

There are no other studies in the literature investigating the effect of smoking cessation and 

implant failure. However, a 1-year prospective study have assessed the adjunctive effect of 

smoking cessation in non-surgical periodontal therapy on patients with severe chronic 

periodontitis. The subjects were enrolled from a smoking cessation clinic, and have received 

periodontal maintenance every 3 months. It was concluded in a 1-year follow-up, that clinical 

attachment gain was improved significantly in patients who quit smoking. But further studies 

with longer observation period are required to establish the effect of smoking cessation on 

periodontal status (Rosa et al., 2011). 
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2.4.9. Bruxism 

Prevalence of bruxism is common among general adult population. It is considered a risk factor 

for temporomandibular pain, tooth wear and implant failure. 

The rationale for implant failure associated with bruxism is the occurrence of excessive 

occlusal overload on the implant and it’s suprastructure, which can further lead to marginal 

bone loss and hence possibly implant failure. For this reason, bruxism is often considered a 

cause of concern or even a contraindication for implant therapy. Consequently, in the selection 

of participants in many clinical studies concerned with implant therapy, researchers tend to 

exclude patients with bruxism (Lobbezoo et al., 2006). 

Manor and colleagues (2009) found no association between bruxism and late implant failure.  

In contrast, Chrcanovic and his colleagues (2016a) evaluated late failure rates in bruxer and 

non-bruxer patients, (13%) and (4.6%), respectively (P < 0.001). They concluded that bruxism 

was a significant risk factor for late failure.  

Recently, a meta-analysis was performed to evaluate the effect of bruxism on implant failure. 

It was found that prostheses in bruxers had higher failure rate than non-bruxer patients. This 

suggests that bruxism is a risk factor for both technical and biological complications of implant 

and plays a role in implant failure (Zhou et al., 2016) On the contrary, in another more recent 

systematic-review, no definitive conclusion could be established on whether bruxism is 

significant risk factor for implant failure (Do et al., 2020). 

In order to reduce the risk of implant failure associated with bruxism, studies have 

recommended to insert more implants than necessary in full mouth rehabilitation of bruxer 

patients to obtain favorable biomechanics (Narita et al., 2009, Sarmento et al., 2012). The 

reduction of forces received on each implant individually when number of implants increase 

justifies this recommendation (Lindquist et al., 1988).  
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Moreover, a number of authors reported that hard occlusal stabilization devices are effective 

in minimizing the damage caused by parafunction on the oral tissues, clinical results have 

shown no differences compared to other types of devices (Türp et al., 2004). Soft splints are 

the only exception because it is indicated that soft splints can increase muscular activity in 

some bruxer patients (Okeson, 1987). 

 

2.4.10. History of previous implant failure 

An implant- and site-related factor that has not been thoroughly explored in the literature is the 

failure rate of implants inserted in sites of previously failed implants. Such failure rate varies 

across different studies. Overall, success rates of implant retreatment were relatively higher in 

later studies (93% to 95%) (Mardinger et al., 2012, Wang et al., 2015) than in earlier studies 

(71% to 84%) (Alsaadi et al., 2006, Grossmann and Levin, 2007, Machtei et al., 2008). In one 

report (Mardinger et al., 2012), the survival rate was 93% but reduced to 85% in cases that 

received a third implant placement. In contrast, a systematic review (Quaranta et al., 2014) 

demonstrated low survival rates of implants inserted in sites of previously failed implants. In a 

more recent systematic review (Gomes et al., 2018), the authors concluded that the survival 

rate of implants inserted in sites of previously failed implants cannot be precisely estimated 

due to the limited number of patients. Hence, more studies are required to explore this factor 

and its association with overall implant failure rate.  

It has been observed that alveolar bone loss is more severe following late failure rather than 

early failure (Alsaadi et al., 2008b). Therefore, suggesting that the timing of implant failure 

may affect the survival of retreated implants. Interestingly, it was reported in two studies that 

late implant failure occurred in retreated patients with at least one initial early failed implant. 

Therefore, a strong correlation exists between initial early implant failure and second late 

implant failure. However, no statistical analysis was performed (Koldsland et al., 2009, Jemt 

et al., 2017). 
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2.4.11. Peri-implant maintenance  

Post-surgery follow-up for maintenance sessions and compliance is critical to prevent late 

implant failure and ensure better outcomes. Studies have reported that most patients receiving 

implants, report signs of mucosa inflammation before failure occurs. If such symptoms are 

observed at the implant site during the first year, it can significantly increase the risk of late 

implant failure (Do et al., 2020). Similarly, a meta-analysis reported that supportive peri-

implant care can reduce the incidence of peri-implant disease from (14.3% to 18.8%) (Atieh et 

al., 2013). 

Costa and co-workers (2012), found of peri-implantitis occurrence to be significantly 

associated to the lack of peri-implant maintenance therapy. This is supported in a recent meta-

analysis, that reported the median prevalence of peri-implantitis in patients who did attend 

regular peri-implant maintenance sessions and those who did not, it was (9.0%) and (18.8%), 

respectively (Dreyer et al., 2018).  

A significant association exists between implant survival and regular strict supportive 

periodontal programs (Anner et al., 2010). In Roccuzzo and his colleagues (2018)  recent meta-

analysis, the implementation of peri-implant supportive care  in patients with peri-implantitis 

helped implants to prevent implant failure, with a 7-year survival rates approximately (70%). 

Nonetheless, compliance is also important to avoid peri-implant disease. This was observed in 

healthy patients who attended 2 or more peri-implant maintenance treatment sessions annually 

(Monje et al., 2017a). It was also suggested that peri-implant maintenance recalls in patients 

with a history of susceptibility to disease should continue for at least 1 year to decrease the 

progression of disease (Rosén et al., 1999). In another study, the incidence of implant failure 

has decreased for patients regularly attending peri-implant maintenance sessions (90%) and in 

patients who attended with less than 1-year maintenance sessions (60%) (Gay et al., 2016). 

However, it has been reported that patients who are smokers or have history of periodontitis, 
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are unlikely to comply with peri-implant maintenance sessions (Monje et al., 2017b, Hu et al., 

2017).  

Fox and colleagues (1990), discussed professional peri-implant care, they observed that 

corrosion and increase in implant surface roughness could be effected with the use of titanium-

alloy scalers and stainless-steel scalers to even a higher extent, while plastic scalers resulted in 

the least damage, therefore making it the instrument of choice for routine maintenance 

therapies, despite their weaker efficiency in plaque and calculus removal (Meschenmoser et 

al., 1996). Moreover, sonic and ultrasonic scalers seemed to be more destructive to the implant 

surface than metal scalers. Air powder abrasion as well showed minor implant surface 

alterations. However, polishing with a rubber cup which demonstrated minimal harmful effect. 

(Thomson-Neal et al., 1989). Nevertheless, subgingival debridement with the use of 

chlorhexidine showed uncertain outcomes in treating peri-implant mucositis (Thöne-Mühling 

et al., 2010). 

Moreover, in a recent systematic review about homecare device, different types of toothbrushes 

were evaluated and did not have different effect on reducing gingival inflammation and plaque 

accumulation (Rösing et al., 2019). 

 

2.5. Implant- and site-related factors 

2.5.1. Implant location 

Evidence available in the literature have demonstrated that posterior maxilla tends to be the 

most prevalent area for implant failure due to poor bone quality (Attard and Zarb, 2003, Pabst 

et al., 2015). As well, it was reported that implants located in the maxilla are at 3-folds higher 

failure rate (Esposito et al., 1998a). Poor bone quality has been considered a risk factor for 

early implant failure in some studies (Van Steenberghe et al., 2002, Noguerol et al., 2006, 

Alsaadi et al., 2007). 
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When comparing implants inserted in edentulous sites versus adjacent to natural dentition, it 

has been reported that failure rates were similar in both maxilla and mandible for the partially 

edentulous jaw, whereas in edentulous maxilla, the failure rate was 3-folds higher (Esposito et 

al., 1998a). 

More specifically, in regards to location association with early implant failure different results 

are available in the literature. In a 5-year retrospective study involving 276 implants with 

external connection placed in 142 patients, no difference was found between early failures in 

maxilla and mandible (Olmedo-Gaya et al., 2016). In agreement with these findings, Alsaadi 

and colleagues (Alsaadi et al., 2007) initially reported higher failure rates in posterior mandible 

and maxilla than anterior mandible, but after one year found no association between location 

and early implant failure (Alsaadi et al., 2008b). Consistent with the findings of a recent meta-

analysis, the odds ratio for early implant failure was unfavorable for implants placed in the 

maxilla (Manzano et al., 2016). However, in a recent retrospective analysis, the mandibular 

region posed a higher risk for early implant failure (Kang et al., 2019). 

Likewise, in late implant failure several controversial reports were documented. Several 

authors agreed that an implant placed in the maxilla had significantly greater risk of late failure 

than those placed in the mandible. Alsaadi and colleagues (2008a), reporting (HR = 2.59, P < 

0.001) while Noda and colleagues (2015), reporting (HR = 4.19, P = 0.02). In contrast, other 

studies found that implants placed in the mandible significantly increases late faillure rate 

(Jemt, 2017), HR = 2.03 (P < 0.05) (Jemt et al., 2017). While various other studies found that 

no significant difference between maxilla or mandible can influence late failure (Dvorak et al., 

2011, Strietzel et al., 2011, Doll et al., 2015). 

Considering late implant failure in either anterior or posterior regions, several studies 

investigate this factor and found the posterior region a greater risk for late failure than the 

anterior region (Alsaadi et al., 2008a, Manor et al., 2009, Noda et al., 2015).  Moreover, in two 

other studies, the authors failed to find a significant association between them (Dvorak et al., 
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2011, Strietzel et al., 2011) However, Alsaadi (2007, 2008b) observed a significant failure 

increase in implants inserted in the jaw adjacent to natural teeth versus edentulous area.  

 

2.5.2. Implant system and surface characteristics 

Karoussis and co-workers (2004), prospectively assessed the success rate and incidence of peri-

implantitis in hollow screw and cylindrical designed ITI implants after 10 years of service. The 

success rate was (95.4% vs. 85.7%) and incidence of peri-implantitis was (10% vs. 29%).   

The association between different implant designs and implant surface characteristics and peri-

implant disease have been reviewed in various studies, where no association was found 

(Renvert et al., 2012). These findings agreed with previous studies, which showed that the 

incidence of peri-implantitis did not increase with acid-etched implants (Buser et al., 2012, 

Zetterqvist et al., 2010). Zetterqvist and co-workers (2010), discussed that in order to maintain 

esthetics through preserving marginal bone and a stable soft tissue, it is necessary to use an 

implant with roughened surface at the collar.  

It has been suggested that implant surface treatment is not significantly associated with late 

implant failure (Alsaadi et al., 2008a, Dvorak et al., 2011, Strietzel et al., 2011). However, 

machined (Alsaadi et al., 2008a) and moderate rough implant surfaces (Dvorak et al., 2011) 

showed a tendency for late failure. On the contrary, Kermalli and colleagues (2014), reported 

significantly higher late failure in press-fit implant design with sintered porous surface than in 

threaded implant design with a sandblasted-acid-etched surface. 

Additionally, it was observed that early failure rates can be reduced dramatically (from 17.2% 

to 3.8%)  when moderately rough surface implants are used (P < 0.5) (Jemt et al., 2016). 

Furthermore, a recent meta-analysis reported that moderately rough and rough implant surfaces 

are at a significantly increased risk of peri-implantitis than machined surface implants. But they 

did conclude that the impact of surface roughness is of minimal clinical relevance 

(Doornewaard et al., 2017) This is consistent with previous reviews that have shown greater 
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tendency for marginal bone loss and implant failure around rough surface implants (Quirynen 

et al., 2007, Esposito et al., 2007). 

 

Moreover, Bain and colleagues (2002) reviewed the success rates of different implant surface 

roughness in smokers. Clinically significant difference was observed between smooth surface 

implants (93.5%) and rough surface implants (98.7%). However, among for the rough surface 

implants, no difference in success rates between smokers and nonsmokers was found. This is 

consistent with the findings of Balshe and colleagues (2008), where long-term survival of 2,182 

smooth-surface implants placed in 593 patients and 2,425 rough-surface implants placed in 905 

patients were evaluated. And it was observed that smoking is significantly associated with 

implant failure in smooth-surface implants (P < 0.001) but not significantly with rough-surface 

implants (P = 0.86). In particular, implant anatomic location is significantly associated with 

implant failure among smokers with smooth-surface implants (P = 0.004), but not patients with 

rough-surface implants (P = 0.45) or nonsmokers with smooth-surface implants (P = 0.17). 

 

2.5.3. Implant height and diameter 

It is well known that implant height has less effect on dispersing occlusal loads than an implant 

diameter does (Guan et al., 2009). Similarly, there are studies that found no association between 

implant height and late implant failure (Alsaadi et al., 2008a, Vercruyssen et al., 2010, Noda 

et al., 2015). A definition of short implant can differ in different studies depending on the 

author. Strietzel and Reichart (2007), defined it as ≤ 11 mm, while other authors considered < 

10 mm (Mezzomo et al., 2014, Telleman et al., 2014) and < 8 mm (Fan et al., 2017). Other 

authors also defined an implant as extra-short when the height was ≤ 6.5 mm (Anitua et al., 

2014, Ravidà et al., 2019). 

Additionally, short implants (< 8mm) appear to have predictable outcomes as those of standard 

height implants inserted in sites of augmented bone. A short implant will simplify surgical 
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procedure by reducing the degree of invasion into surrounding anatomical structures and the 

need for regenerative procedures (Thoma et al., 2017). Moreover, in a study of immediately 

loaded implants, short implants were significantly associated with late implant failure (P = 

0.029) (Strietzel et al., 2011). 

Considering implant diameter, numerous studies have shown that narrow and wider diameter 

implants have equivalent survival rates (Klein et al., 2014). Equally, other studies did show no 

association between implant diameter and late implant failure (Strietzel et al., 2011, Noda et 

al., 2015, Jemt, 2017). While Alsaadi and colleagues, found that wide implants (5 mm) had 

significantly higher rate of late implant failure compared to regular (4 mm) and narrow (≤ 3.75 

mm) implants (Alsaadi et al., 2008a). Also, Renouard and Nisand (2006), supported this 

finding and demonstrated that wide diameter implants are at an increased risk of implant 

failure, and that can be attributed to several reasons which might include; inferior surgical 

skills, inferior implant design, inadequate site preparation and poor bone quality. Another 

reason could be because primary stability of standard diameter implants cannot be achieved.   

Moreover, in a retrospective to determine the influence of implant height ranging from 6 to 16 

mm and diameter ranging from 3.25 to 6 mm on implant success. It was reported that no 

significant association between implant dimensions and higher failure. Other published data 

outcomes were in agreement to this finding (Arlin, 2006, Annibali et al., 2012, Omran et al., 

2015, Lemos et al., 2016b). 

 

2.5.4. Use of grafting materials 

The effect of bone grafting on increasing the risk of implant failure in the literature is still 

controversial. According to a recent meta-analysis, this can be correlated to the bone 

remodeling and resorption involved in bone grafting procedures, which can result in significant 

late graft resorption, therefore, compromising the peri-implant bone of osseointegrated implant 

and lead to implant dehiscence, peri-implant disease, and late implant failure. The extent of 
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resorption can be affected by several factors, this includes; alveolar defect configuration, 

patient factors, and technique and grafting materials chosen (Elnayef et al., 2018). Yet, another 

study found other factors such as age, osteoporosis, uncontrolled diabetes and use of certain 

medications to correlate with delayed or poor graft healing after bone augmentation(Granate-

Marques et al., 2019) 

Additionally, no evidence in the literature was found about having higher complications and 

failure rate when bone augmentation procedures such as; guided bone regeneration and sinus 

lifts were performed in well and moderately controlled diabetic patients (Naujokat et al., 2016). 

Moreover, it has been reported that sinus augmentation does not affect early implant failure, 

but because of the complications that arise during surgery, early implant failure might increase 

(Huynh-Ba et al., 2008). However, a 2.5-fold higher failure risk with sinus augmentation, bone 

expansion and graft treatment was described in a retrospective cohort study of 5787 implants 

(Anitua and Orive, 2010). 

In regards to late implant failure, several studies found bone augmentation was not a significant 

risk factor (Arbes et al., 1999, Bornstein et al., 2008, Bornstein et al., 2009). 

Moreover, it was found that bone augmentation is likely to increase the success rate of an 

implant. Another protective effect demonstrated is the significant reduction of peri-implantitis 

and the higher survival rate. (Bornstein et al., 2009). 

 

2.6. Prosthetic-related factors 

The term complication distinctly differs from failure. Complications indicate an increased risk 

for failure, but are either of temporary impact or can be treated (Esposito et al., 1998a). The 

literature has documented several complications that can occur after implant loading and might 

lead to implant failure. They can be divided into two main categories; biological and technical 

complications. Biological complications are those that involve pathology of the surrounding 

peri-implant soft tissue and bone. While technical complications are those associated with 
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implant mechanics or prosthesis as a result of the material’s strength inability to longer 

withstand applied forces (Ravidà et al., 2018). Esthetic and phonetic complications also exists 

(Pjetursson et al., 2004). 

Pjetursson and colleagues (2012) observed overall (66.4%) of implant success without 

complications. It was concluded that technical complications were more likely to happen. That 

being said so, veneer fractures accounted for (13.5%), peri-implantitis (8.5%), abutment screw 

loosening (5.3%) and cement failure (4.7%). 

In a systematic review reporting on the incidence of implant complications, it was observed 

that implant failure was most frequently described in about (100%) of the studies, while 

biological and technical complications were not considered in most studies, (40-60%) and (60-

80%), respectively. Therefore, indicating that the incidence of complications may be 

underestimated and should be interpreted with caution (Berglundh et al., 2002). 

 

2.6.1. Biological complications 

Late implant failures are mainly associated with biological complications, namely peri-implant 

diseases (Zandim-Barcelos et al., 2019). Peri-implant diseases are inflammatory conditions of 

soft and hard tissues. While peri-implant mucositis is the reversible inflammation of soft tissues 

without bone loss, peri-implantitis is a pathological plaque-associated inflammatory response 

that involves both soft and hard tissues surrounding a functional osseointegrated implant. 

Diagnosis of peri-implantitis is detected through clinical signs that includes mucosa swelling 

and redness, presence of bleeding and/or suppuration on gentle probing, probing pocket depths 

of ≥ 6 mm and the radiographic bone loss of ≥3 mm apical to the most coronal portion of the 

intraosseous part of the implant (Quirynen et al., 1991, Berglundh et al., 2018). 

The prevalence of biological complications and implant failures for implants inserted in 

pristine sites and augmented sites with at least 10-years observation period have been assessed 

in a recent meta-analysis by Salvi and his colleagues (2018) They reported prevalence of peri-
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implant mucositis (21.2% and 24.6%) and peri-implantitis (7.5% and 6.5%) in pristine and 

augmented sites, respectively. While failure rates were (2.4%) in pristine sites and (6.5%) in 

augmented sites. Therefore, demonstrating no significant difference between pristine and 

augmented sites. 

Cement-retained implant prostheses are frequently used for its simplicity, passive fit, easy 

adjustment of occlusion, and cheaper cost compared to screw-retained implant prosthesis 

(Wilson, 2009). However, in the case of retained residual excess cement at the time of 

cementation, the health of the implant and peri-implant soft and hard tissues can become 

compromised, since these remnants of cement may advocate marginal bone loss and peri-

implant disease (Renvert and Quirynen, 2015, Atieh et al., 2019). 

Moreover, the difference between annual rate of peri-implantitis in cement- and screw-retained 

fixed complete implant prostheses was analyzed in a recent retrospective cohort study 

(Papaspyridakos et al., 2019). It was found to be (1.5%) for cement-retained group and (2.5%) 

for screw-retained group with no significant difference observed. However, the cement-

retained group has a 4.6 times higher risk of peri-mucositis (Papaspyridakos et al., 2019). Other 

studies have also evaluated the biological complications associated with implant survival rate 

in cement- and screw-retained implant prosthesis, no significant difference was found and it 

was observed that cement-retained developed more biological and technical complications  

(Sherif et al., 2014, Wittneben et al., 2014). 

 

2.6.2. Technical complications 

The technical complications associated with an implant prosthesis are cement debonding, 

veneer chipping/fracture and framework fracture. While the ones associated with the implant 

suprastructure are abutment loosening, abutment fracture, implant fracture and loss of implant 

suprastructure. All of which can be classified as minor, medium and major complications 

(Pjetursson et al., 2004). 
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Technical complications were also estimated in a recent 12-year retrospective study. It reported 

veneer chipping to be the most frequent minor complication with an estimated 5-year rate of 

(49.0%), while the most frequent major complication was veneer fracture with an estimated 5-

year (9.5%). It was observed that in the presence of bruxism and absence of occlusal appliance, 

these complications are at an increased risk of occurrence. It was concluded that cumulative 

rates of prosthesis that are free of major technical complications at 5- and 10-years were (85%) 

and (30.1%), respectively (Papaspyridakos et al., 2020). Additionally, implant fracture was 

reported to range between (0.0% and 7.5%) of implants overall (Sánchez-Pérez et al., 2010). 

 

2.7. Operator-related factors 

Despite this being considered as a risk factor in various studies investigating risk factors of 

implant failure, there is a lack of information about it, with only brief discussion on this topic.  

 

2.7.1. Operator experience 

In a retrospective study assessing implant survival rates based on an operator’s experience at a 

clinical training center, no association was found (Minsk et al., 1996). Meanwhile, the learning 

curve of an operator was associated with a 2-fold higher risk of early implant failure when the 

operator has placed fewer than 50 implants versus those who place more than 50 implants 

(Lambert et al., 1997). 

Additionally, it has been suggested that well-developed operator surgical skills can increase 

survival rate of implants, irrelative of implant height or diameter when inserted in location of 

good bone density (Renouard and Nisand, 2006). 

 

2.7.2. Surgical technique and protocol 

Some of the surgical errors that may arise when inserting an implant due to lack of operator’s 

experience, is underpreparing the implant site, which will further lead to surgically overheating 
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the bone, thus causing bone necrosis if temperature exceeds 47°C which is the critical threshold 

of greater than is reached by the surgical drills or dental implant (Esposito et al., 1998a) 

Another issue that can also occur during surgery, is contamination of the surgical site or 

contamination of the implant surface during fixture placement and thus might lead to no 

osseointegration and implant failure.  

 

2.7.3. Prosthetic technique and protocol 

Whereas, having uncleaned excess cement in the cement-retained prosthesis can lead to the 

biological complications mentioned above, and possibly implant failure (Chee et al., 2013). 

Additionally, heavy occlusion on prosthesis can lead to implant overloading which is found to 

be a risk factor associated with late implant failure (van Steenberghe et al., 1990, Manor et al., 

2009, Sakka et al., 2012). Moreover, in a longitudinal retrospective study by Noda and 

colleagues (2015) the design of prosthesis in fully edentulous patients was in favor of implant-

supported overdenture over implant-fixed prosthesis since it provides easier maintenance. 
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3. AIM 

 

The aim of this study is to identify prevalence and risk factors associated with early and late 

implant failures. 

 

3.1. Specific objectives 

• To evaluate the prevalence of early implant failure  

• To evaluate the prevalence of late implant failure  

• To identify systemic- and patient-related factors that had an impact on the early implant 

failure 

• To identify implant-, site-, prosthetic- and surgical-related factors that had an impact on 

late implant failure 

• To establish a logistic regression model to assess potential predictors related to implant 

failures 

 

3.2. Research question 

Are there any potential associations of systemic-, patient-, implant-, site- and surgical-related 

factors with risk for implant failure? 
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4. MATERIALS AND METHODS 

 

4.1. Study design and participants 

This is a retrospective study which included patients aged ≥18 years who presented with at 

least one failed implant at DHA between 2010 and 2019. All the patients had periodontal and 

radiographic assessment prior to dental implant placement. The patient records at DHA include 

demographic data, medical and dental history as well as number of follow-up and maintenance 

visits.  

 

4.2. Ethical approval 

The study was approved by the institutional review board of Mohammed Bin Rashid University 

of Medicine and Health Sciences (MBRU-IRB-2020-011) (Appendix 1) and DHA (USREC06-

19/PG/2020) (Appendix 2) in accordance with the Declaration of Helsinki of ethical human 

research practice. 

 

4.3. Data collection 

Data were collected by the principal investigator (F.A.) using dental practice management 

software (D4W, Australia), Salama software and explanted implant records available at DHA. 

A data collection form (Appendix 3) was used to collect relevant information. The data were 

collated into four main domains:  

1. Demographic data  

2. Systemic and patient-related outcomes  

3. Implant-, site-, and surgical related outcomes  

Patients were not recalled for examination. The information related to the clinical assessment, 

implant system and radiographic marginal bone level changes were obtained from patients’ 

electronic records. Data collection were divided into several sub-categories: Systemic-related 
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factors such as medical and social history were collected retrospectively when the health status 

was assessed at the time of implant placement. Implant-, site-, and surgical-related factors, such 

as implant system, location, surface roughness, height, diameter, shape, placement protocol; 

prosthesis-related factors such as type of retention were also collected and analyzed as possible 

risk factors for peri-implantitis.  

Systemic- and patient-related factors 

• Gender 

• Cardiovascular disease 

• Diabetes Mellitus 

• Osteoporosis 

• Hypothyroidism 

• Use of antidepressants 

• Use of vitamin supplements 

• History of radiotherapy 

• Smoking habits 

• History of treated periodontal disease 

• History of regular dental attendance (defined as at least one dental check-up per year) 

• History of previous implant failure 

Implant- and site-related factors 

• Implant surface characteristics 

• Implant shape 

• Implant height 

• Implant diameter 

• Implant location 

• Implant placement protocol 

• Implant surgical protocol 
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• Use of grafting material at the time of implant placement 

• Operator 

 

4.4. Case definition 

In this study, implant failure is considered a biological failure in which the implant has to be 

removed either due to failure to establish osseointegration (i.e. early implant failure) or 

maintain an established osseointegration (i.e. late implant failure). Early and late implant 

failures are also known as primary where an implant failure is removed before loading and 

secondary where implants are removed after loading (Esposito et al., 1998a). 

 

4.5. Reliability study 

An experienced clinician (M.A.) conducted a training session on the data collection which 

included running a practice exercise using a predetermined collection form from an actual 

patient file. To produce stable and consistent results, an intra-examiner reliability test was 

performed by selecting five files form pool of retrieved patient files. Data were collected by 

the principal investigator (F.A.) with two weeks apart and cross-checked by an experienced 

clinician (M.A.) The strength of intra-examiner reliability was assessed by calculating Cohen 

kappa coefficients for selected items with two or more categories. Kappa scores of 0.21-0.40 

indicated fair reliability; 0.41-0.60 indicated moderate reliability; 0.61-0.80 indicated 

substantial reliability; and 0.81-1.0 indicated excellent reliability (Landis and Koch, 1977). 

 

4.6. Statistical analyses 

Data were analyzed using the Statistical Package for Social Sciences (SPSS) Version 27. The 

strength of association between the frequency of early and late implant failure and each variable 

was measured by chi-square analysis. Differences were considered statistically significant at P 

< 0.05. Estimates of relative risk were also calculated for all variables. For systemic- and 
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patient-related factors, the patient was considered the unit of analysis. Therefore one only one 

failed implant per patient was included in the analysis to enhance statistical accuracy 

(Herrmann et al., 1999). For implant- and site-related factors, the implant was considered as 

the statistical unit.   

Risk factors for early and late implant failure were estimated by a binary logistic regression, 

which is the appropriate model for a categorical dichotomous outcome (early implant failure 

was coded 0 while late implant failure was coded 1). A backward stepwise method was 

selected. All predictor variables which had P-values of less than 0.05 or relative risk of 1.5 or 

greater were entered into the analysis and coded in a binary format 0 or 1. Then, at each step, 

the variable with a significance level equal to or larger than 0.05 was removed, until the final 

model was obtained. 

 

 

 

  



37 

5. RESULTS 

 

A total of 830 implants failed out of 14191 placed implants. Of which, 721 implants failed 

before loading (5.1%) and 109 implants failed after loading (0.8%). Only 645 patients with 

reported 721 early and 109 late failed implants between 2010 and 2019 were included in the 

analysis. The age of the patients ranged between 18 and 85 with mean age of 47.11 ± 14.66 at 

the time of implant placement. In late implant failure group, almost one third of the implants 

failed in the first two years of function. Biological and technical complications accounted for 

(59.3%) and (40.7%) of late implant failures, respectively. More than half of late failed 

implants (59.3%) were single implant and (57.0%) were screw-retained prostheses.  There were 

relatively more reports of late implant failures reported between 2015 and 2019 (68.6%) 

compared to reports of early failed implants during the same period (49.9%).  

 

5.1. Systemic- and patient-related factors 

Females lost more implants before loading than males (88.0% vs. 84.9%) but the difference 

was not statistically significant. No significant differences were observed between implant 

failure and presence of systemic conditions (such as cardiovascular disease, diabetes mellitus, 

osteoporosis, hypothyroidism), smoking, history of radiotherapy, use of antidepressants or 

vitamin supplement. There were significant associations between implant failure and histories 

of treated periodontitis, previous implant failure and irregular dental attendance. A total of 60 

(9.3%) patients with history of previous implant failure and 99 (15.3%) patients with history 

of treated periodontitis had reported an early implant failure. More incidents of early implant 

failures were reported in 310 (48.0%) irregular dental attendants. The systemic- and patient-

related factors are summarized in (Table 1).   
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Table 1  Characteristics of patients diagnosed with early and late implant failure (n = 645) 

Systemic and patient-

related factors: 

N (%) EIF N (%) LIF EIF Relative risk 

(95% CI)* 

 

P value† 

Gender  

Male  

Female 

 

241 (84.9) 

314 (88.0) 

 

43 (15.1) 

43 (12.0) 

 

0.97 (0.91, 1.03) 

 

0.25 

Presence of 

cardiovascular disease  

Yes  

No 

 

 

35 (89.7) 

513 (86.5) 

 

 

4 (10.3) 

80 (13.5) 

 

 

0.96 (0.86, 1.10) 

 

 

0.56 

Presence of diabetes 

mellitus  

Yes  

No 

 

 

112 (83.6) 

436 (87.6) 

 

 

22 (16.4) 

62 (12.4) 

 

 

1.05 (0.97, 1.14) 

 

 

0.23 

Presence of osteoporosis  

Yes  

No 

 

5 (83.3) 

543 (86.7) 

 

1 (16.7) 

83 (13.3) 

 

1.04 (0.73, 1.49) 

 

0.81 

Presence of 

hypothyroidism  

Yes  

No  

 

 

25 (83.3) 

523 (86.9) 

 

 

5 (16.7) 

79 (13.1) 

 

 

1.04 (0.89, 1.23) 

 

 

0.58 

Use of antidepressants 

Yes  

No 

 

7 (70.0) 

541 (87.0) 

 

3 (30.0) 

81 (13.0) 

 

1.24 (0.83, 1.87) 

 

0.12 
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Use of vitamin 

supplements  

Yes  

No 

 

 

37 (88.1) 

511 (86.8) 

 

 

5 (11.9) 

78 (13.2) 

 

 

0.99 (0.88, 1.12) 

 

 

0.80 

History of radiotherapy  

Yes  

No 

 

3 (60.0) 

545 (86.9) 

 

2 (40.0) 

82 (13.1) 

 

1.45 (0.71, 2.97) 

 

0.08 

Smoking habits 

Smokers 

Non-smokers 

 

60 (84.5) 

440 (87.0) 

 

11 (15.5) 

66 (13.0) 

 

1.03 (0.93, 1.14) 

 

0.57 

History of treated 

periodontitis  

Yes 

No 

 

 

99 (75.6) 

441 (89.8) 

 

 

32 (24.4) 

50 (10.2) 

 

 

1.19 (1.07, 1.32) 

 

 

< 0.0001 

History of regular dental 

attendance**  

Yes  

No 

 

 

239 (82.7) 

310 (90.1) 

 

 

50 (17.3) 

34 (9.9) 

 

 

1.09 (1.02, 1.16) 

 

 

0.006 

History of implant 

failure  

Yes  

No 

 

 

60 (71.4) 

467 (89.1) 

 

 

24 (28.6) 

57 (10.9) 

 

 

1.25 (1.09, 1.43) 

 

 

< 0.0001 

EIF: early implant failure; LIF: late implant failure; CI: confidence interval 
*Computed only for 2x2 tables  
**Regular attendance of general dental practioner and dental hygienist or periodontist at least twice annually 
†Chi-square test 
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5.2. Implant- and site-related factors 

Rough-surface implants were associated with more early implant failures than moderately 

rough-surface implants (666 vs. 47; p = 0.24). More early implant failures were also reported 

amongst implants which were cylindrical, had a height of less than 11 mm and a diameter of 

3.5 mm or less, but the difference was not statistically significant. Implant location had a 

significant impact on implant failure with more early and late implant failures reported in the 

posterior region compared with the anterior region in both arches. However, the use of grafting 

materials, implant placement and surgical protocols did not have any significant influence on 

the number of early or late failed implants. In terms of the operator, the differences in early and 

late implant failures were not significant. Nevertheless, implants were more likely to fail before 

loading when placed by oral and maxillofacial surgeons than periodontists (437 vs. 281; p = 

0.08). The implant- and site-related factors are summarized in (Table 2).  

  

Table 2  Characteristics of implants diagnosed with early and late implant failure (n = 830) 

Implant-, site-, and 

surgical-related outcomes 

N (%) EIF N (%) LIF EIF Relative risk 

(95% CI)* 

 

P value† 

Implant surface 

characteristics  

Moderately rough (Astra 

Tech, Neoss) 

Rough 

(Ankylos, Friadent, Xive) 

 

 

47 (92.2) 

 

666 (86.4) 

 

 

4 (7.8) 

 

105 (13.6) 

 

 

1.07 (0.98, 1.16) 

 

 

0.24 

Implant shape  

Cylindrical  

Tapered  

 

513 (88.1) 

199 (83.3) 

 

69 (11.9) 

40 (16.7) 

 

1.06 (0.99, 1.13) 

 

0.06 
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Implant height (mm) 

< 11 

≥ 11 

 

362 (87.9) 

357 (85.8) 

 

50 (12.1) 

59 (14.2) 

 

1.02 (0.97, 1.08) 

 

0.38 

Implant diameter (mm) 

≤ 3.5 

> 3.5 

 

498 (88.0) 

221 (84.4) 

 

68 (12.0) 

41 (15.6) 

 

1.04 (0.98, 1.11) 

 

 

0.15 

Implant location 

Anterior maxilla  

Posterior maxilla 

Anterior mandible  

Posterior mandible  

 

82 (73.9) 

263 (88.6) 

58 (93.5) 

312 (88.6) 

 

29 (26.1) 

34 (11.4) 

4 (6.5) 

40 (11.4) 

 

NA 

 

< 0.0001 

Implant placement 

protocol** 

Type I 

Type II 

Type III 

Type IV  

 

 

68 (89.5) 

24 (92.3) 

41 (91.1) 

534 (86.1) 

 

 

8 (10.5) 

2 (7.7) 

4 (8.9) 

86 (13.9) 

 

 

NA 

 

 

0.54 

Implant surgical protocol 

One-stage  

Two-stage  

 

252 (87.8) 

412 (86.9) 

 

35 (12.2) 

62 (13.1) 

 

0.99 (0.94, 1.05) 

 

0.72 

Bone augmentation 

procedure at the time of 

implant placement 

Yes  

No  

 

 

 

181 (84.6) 

487 (87.9) 

 

 

 

33 (15.4) 

67 (12.1) 

 

 

 

1.04 (0.97, 1.11) 

 

 

 

0.22 
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Operator  

Periodontist  

Oral and maxillofacial 

surgeon  

 

281 (84.4) 

437 (88.5) 

 

 

52 (15.6) 

57 (11.5) 

 

 

1.05 (0.99, 1.11) 

 

0.08 

EIF: early implant failure; LIF: late implant failure; CI: confidence interval 
*Computed only for 2x2 tables 
**(Hämmerle et al., 2004) 
†Chi-square test 

 

The binary logistic regression showed that histories of treated periodontitis and implant failure 

reached statistical significance in the final model. The two variables had low standard errors 

implying a statistically stable model and did not contain a value of 1.00 representing useful and 

independent predictor variables (Figure 1). The odds ratios showed that those with history of 

treated periodontitis were 2.6 times at risk of early implant failure, while those with history of 

previous implant failure were 2.9 times at risk of implant failure. The overall accuracy of the 

model to predict early implant failure (with predicted probability of 0.5 or greater) is (87.0%). 

The estimates of the logistic regression model, the adjusted odds ratios for the two risk factors 

and their 95% Cis are summarized in (Table 3).  

 

 

Figure 1 Adjusted odds ratios and 95% confidence intervals for the independent risk factors 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

History of treated peridontitis

History of implant failure

Adjusted odds ratio
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Table 3  Results of logistic regression analysis 

Predictor variable  Early implant failure 

 

𝐵 coefficient 

(SE) 

P value Odds ratio (95% CI) 

History of treated 

periodontitis  

(Yes = 0, No = 1) 

 

 

0.97 

 

 

< 0.0001 

 

 

2.63 (1.57, 4.39) 

History of implant 

failure 

(Yes = 0, No = 1) 

 

 

 

1.06 

 

 

< 0.0001 

 

 

2.89 (1.63, 5.10) 

Model  

Chi-square = 201.07; df = 1; P < 0.0001 
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6. DISCUSSION 

 

The present 10-year retrospective study assessed the prevalence and risk factors for early and 

late implant failures amongst group of patients that received implants in DHA. The study 

identified two risk factors for early implant failure; history of treated periodontitis and previous 

implant failure.  

 

6.1. Prevalence of early implant failure 

Several retrospective studies have investigated patient-related factors (Van Steenberghe et al., 

2002, Costa-Junior et al., 2013, Brügger et al., 2015, Derks et al., 2015, Chrcanovic et al., 

2016b, Chrcanovic et al., 2017a, Chrcanovic et al., 2017b, Grisar et al., 2017, Antoun et al., 

2017), and implant-related factors (Olate et al., 2010, Pommer et al., 2011, Derks et al., 2015, 

Grisar et al., 2017, Antoun et al., 2017) to identify potential risk factors for early implant 

failure. The variability in the reported findings amongst those studies is mostly related to the 

use of various implant systems with different designs. 

Nevertheless, low implant failure rates (Nixon et al., 2009, Al-Nawas et al., 2012) has been 

generally reported in the literature and some have showed that early implant failures are more 

prevalent than late ones (Friberg and Jemt, 2015, Jemt et al., 2015). The results of the present 

study are in agreement with the previous reports, where early failure rate of (5.1%) is within 

the reported range (1.3%–6.36%) (Roos-Jansåker et al., 2006a, Derks et al., 2015, Chrcanovic 

et al., 2016b, Labriaga et al., 2017).  

 

6.2. Prevalence of late implant failure 

Late failure rates were comparably lower than early failures in this study, with only 109 late 

failed implants observed. Biological complications accounted for more than half of these 

failures. In a recent meta-analysis including 57 studies, peri-implantitis prevalence at implant 
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level ranged between (1.1% to 85.0%) (Dreyer et al., 2018). However, it is suggested that 

presence of inflammation at implant site during the first year significantly increases the risk of 

late failure (Jemt et al., 2017). Late implant failure can also be attributed to excess stress created 

at the implant-bone interface which can lead to marginal bone loss (Misch, 1996, Crupi et al., 

2004, Misch et al., 2005). A combined occurrence of occlusal overload and infectious 

etiologies is possible, thus giving rise to a mixed etiology (Esposito et al., 1998b) and it is 

suggested that this can be the main reason for late failures (Newman and Flemmig, 1988). 

In the present study, 59.3% of the implant-supported prostheses that failed were single implant 

crowns. This is in agreement with the findings of the study by Kim and co-workers  (2010) 

who reported that single implant crown (18%) was the most common type of failed implant 

prostheses. However, Mardinger and co-workers (2012) reported that late implant failures were 

more common amongst implant-supported fixed prostheses (61%). Yet, both studies concluded 

that implant-retained fixed prostheses had higher failure rates than implant-retained removable 

prostheses (Kim et al., 2010, Mardinger et al., 2012). The authors speculate that it can be related 

to that patients presenting with missing single teeth tend to restore it with dental implant rather 

than other prostheses such as fixed bridge or removable partial denture. 

In a systematic review comparing survival and success of screw- versus cement-retained 

implant supported crowns, the cement-retained group had a higher failure rate, but no 

significant difference exists (Sherif et al., 2014). On the contrary, the results of the present 

study revealed that 57.0% of the late failures were screw-retained prostheses. Despite no 

consensus being established on which retention system improves clinical success and reduces 

peri-implant mucositis and peri-implantitis, several studies, including a recent meta-analysis, 

concluded that the choice of retention system is mainly influenced by the clinician’s personal 

preference (Lee et al., 2010, Wittneben et al., 2014, Lemos et al., 2016a). The choice of screw-

retained prostheses in this study is partly related to the preference of experienced and trained 
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clinicians who tend to use screw- rather than cement-retained prostheses to facilitate 

maintenance and reduce biological complications.  

Moreover, the present study reported higher incidence of late failures in the second half of the 

observational period than the first half but the difference was not significant. One could assume 

that a higher prevalence of late implant failure can be expected in the future since implants 

treatment services were only introduced in DHA in late 2008. 

 

6.3. Systemic- and patient-related factors 

The variables in this section were analyzed at patient level. There was no association between 

patient’s gender and implant failures. Similarly, previous studies evaluating risk factors for 

implant failures did not find a significant association with gender in either early failures 

(Mohajerani et al., 2017, Mayta-Tovalino et al., 2019) or late failures (Manor et al., 2009, Noda 

et al., 2015, Doll et al., 2015). However, Manor et al. (2009) reported that late failures were 

more common in males than females. 

With regard to patient lifestyle and habits, smoking has always been considered a primary risk 

factor for early implant failure because osseointegration is affected by insufficient bone healing 

as a result of compromised blood circulation (Kasat and Ladda, 2012, Chen et al., 2013, 

Chrcanovic et al., 2016b, Grisar et al., 2017). On the contrary, the association between smoking 

and implant failure was not observed in other studies (Zupnik et al., 2011, Borba et al., 2017, 

Krisam et al., 2019). In the present study, early implant failure was not associated with smoking 

when compared to late implant failure. This, however, does not preclude the deleterious effects 

of smoking on early healing and osseointegration. The insufficient number of smokers included 

in this study and the lack of assessment of frequency of smoking might have reduced the power 

to detect any association between smoking and implant failures.  

The collected and analyzed data on several systemic conditions showed no significant 

association between implant failure and any systemic condition. This could be partly related to 
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the small number of patients with systemic conditions and self-reported medical history 

obtained at consultation. Self-reporting can be considered as a limitation since it may not 

include all the necessary details (Anitua and Orive, 2010). 

Despite that diabetes is a metabolic condition that affects wound healing, diabetes was not 

associated with implant failure in this study. This might be related to patients’ compliance with 

anti-diabetic medication (Balshi and Wolfinger, 1999) which they usually receive in the DHA 

diabetes center. Additionally, the dental department in DHA has set a strict protocol where 

dental implants are only placed in diabetic patients with controlled glycemic levels. 

Furthermore, a recent systematic review and meta-analysis showed that diabetes is not a 

significant risk factor for implant failure (Chen et al., 2013). 

Several studies have also found that osteoporosis has a direct but insignificant influence on 

increasing the risk of implant failure (Chen et al., 2013, Alsaadi et al., 2007). Again, the results 

for this variable were inconclusive in the present study because of a small number of patients. 

The results in the present study analyzing the two variables; presence of cardiovascular diseases 

and presence of osteoporosis as risk factors for implant failure showed no statistically 

significant difference among patients with or without these conditions. The literature available 

on long-term success and survival of implants in patients with cardiovascular diseases supports 

the present study. That being said, as long as cardiovascular conditions is controlled by 

medications, it is not considered a contraindication to implant insertion (Javed and Romanos, 

2018). Relatively, in a cohort study comparing success rate of implants placed in treated 

hypothyroid female patients, no statistically significant difference in implant failures existed 

between the two groups examined (P = 0.781). However, more soft tissue complications post-

surgery (P = 0.018) and more marginal bone loss after 1 year of loading (P = 0.017) were 

observed. Therefore, suggesting that medically controlled hypothyroidism is also not a 

contraindication for implant insertion (Attard and Zarb, 2002). 
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In a 5-year retrospective study which assessed the effects of different groups of antidepressants, 

the use of antidepressants was considered risk factor for implant failure with odds ratio of 

4.285. Use of serotonin‐norepinephrine reuptake inhibitors (SNRI) and tricyclic 

antidepressants (TCA) was associated with higher implant failure rates than the other groups 

of antidepressants (Hakam et al., 2021). This could not be assessed in the present study, because 

of the small number of patients reporting on the use of anti-depressants. Despite the results 

from the recent retrospective study, very few literature and studies are available regarding 

antidepressants and implant failure so further studies should be done to investigate the dose-

effect relationship and duration of consumption and its effect on implants (Mishra et al., 2016). 

During some nutritional deficiencies, oxidative stress and inflammation increase, hence 

affecting collagen structure and bone mineralization. Several micronutrients can affect bone 

metabolism and reduce risk of bone fractures. This includes, calcium, fluorides, magnesium, 

potassium, vitamin B6, vitamin D, and zinc (Iolascon et al., 2017). Data from previous studies 

revealed that although vitamin D is highly correlated with bone metabolism which is expected 

to improve success rates of implant, contradictory results have been reported, where no 

significant relationship was observed (Guido Mangano et al., 2018, Karaoglu et al., 2019), 

which is similar to the outcome of the present study. 

It is evident in the present study that both histories of treated periodontitis and previous implant 

failure established a highly significant association with implant failures. An association was 

also observed in patients with irregular dental attendance. This is consistent with multiple 

studies demonstrating an association between history of periodontitis and early implant failure 

(Van Steenberghe et al., 2002, Chrcanovic et al., 2016b, Grisar et al., 2017). Late implant 

failures were also associated with history of periodontitis (Heitz-Mayfield, 2008, Do et al., 

2020), as history of periodontitis is associated with increased risk of peri-implantitis which is 

associated with marginal bone loss (Roos-Jansåker et al., 2006a, Ong et al., 2008, Roccuzzo et 

al., 2012, Renvert et al., 2012, Monje et al., 2016, Schwarz et al., 2017, Atieh et al., 2019). 
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However, Leonhardt and colleagues (1993) suggested that micro-organisms do not play a 

decisive role on implant failure. The previous study was corroborated by Becker and co-

workers (1990) who investigated the correlation between the presence of particular bacterial 

species and failure of Brånemark implants and could not establish a relationship. Few other 

studies concluded that history of treated periodontitis was not a risk factor for implant failure 

(Gianserra et al., 2010, Krisam et al., 2019). 

The results of this retrospective analysis confirmed the detrimental effect that previously failed 

implant has on retreated implant. Supporting the observations that survival rate of retreated 

implants is lower than initial implant placement (Park, 2011). In a recent meta-analysis, Gomes 

and colleagues (2018) reported the survival rates of implants after first retreatment and second 

retreatment, (86.7% and 67.1%) respectively. In a more recent systematic review, survival rate 

of (86.3%) was reported after retreatment. It was reported that smooth-surfaced implants had 

lower survival rates than rough-surfaced implants. Therefore, suggesting that the initial implant 

failure can be due to factors such as implant architecture, anatomic site, infection and occlusal 

overload (Oh et al., 2020). 

In addition to the above, it has been observed in the present study that patients who did not 

attend their twice a year general dental practitioner and hygienist appointments regularly, were 

at a significantly increased risk of implant failure. The reason behind it remains unclear. 

However, one of the contributing factors can be that the adjacent teeth might become carious 

and develop a periapical lesion, which will eventually travel to the neighboring implant leading 

to bone loss around the implant in a short period of time (Esposito et al., 1998a). Therefore, it 

is important to consider emphasizing and educating the patient on the necessity of regular 

follow-up and compliance to avoid complications that may arise and ensure better outcomes. 

Future well-controlled studies are necessary to clarify this finding. 
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6.4. Implant- and site-related factors 

In this section, the variables were analyzed on an implant-level. Five different implant systems 

were analyzed in the present study, having either rough or moderately rough surfaces. It has 

been observed that rough surface implants had much higher failure rates, but these results were 

insignificant. In the author’s opinion, this has been established because the two main implant 

systems used in DHA throughout 2010 up to 2018 were Ankylos and Xive, and sometimes 

Astra, while Neoss was only introduced in DHA in January 2019. Friadent was used before the 

observational period, but implants that failed during the observational period were included. 

Likewise, this has been observed in previous reviews by Quirynen et al. and Esposito et al., 

where higher incidence of marginal bone loss and implant failure around rough surface 

implants have been reported (Quirynen et al., 2007, Esposito et al., 2007). More recently, an 

updated review of 27 randomized controlled trials in 1512 patients and 3230 implants, it was 

not evident that an association between implant type and its effect on improved long-term 

success (Esposito et al., 2014). 

In regards to the implant selection, which included shape and size (both height and diameter); 

relatively higher incidences of early failure rates were observed in implants that were 

cylindrical, < 11 mm long and ≤ 3.5 mm in diameter. These observed results in the present 

study were insignificant.  

In a retrospective study evaluating 1093 implants by Mohajerani and co-workers (2017), it has 

been reported that (6.68%) early implant failures were observed, while implant height and 

implant shape (cylindrical or conical) were not significant risk factors for implant failure. 

Conversely, several other studies did not find cylindrical implants affecting survival rate of 

implants (Lazzara et al., 1996, Heydenrijk et al., 2002, Lemmerman and Lemmerman, 2005, 

Meijer et al., 2004). Additionally, according to Karoussis and his colleagues (2004) the 

rationale for lower survival rates associated with cylindrical implants opposed to threaded 

implants remains unknown and can only be speculated upon.  
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In the literature, a controversy on the association between short implants and increased risk of 

implant failure. However, there are studies that support the negative effect height of implant 

has on implant survival (Olate et al., 2010), while other studies did not find an increased risk 

of failure due to short implants (Grisar et al., 2017, Borba et al., 2017). In a recent retrospective 

study (Krisam et al., 2019) analyzing 106 patients receiving 186 implants, shorter implants (< 

10 mm) had significantly more early failures than implants ≥10 mm long (P = 0.010). 

Therefore, short implants being at a 5.8-fold greater risk of early failures (95% CI 1.3–26.4). 

This can be explained to the fact that longer implants have a larger contact surface with bone 

and greater stability in sites with compromised bone quality and hence increasing the likelihood 

of bone cells growing into the surface (Krisam et al., 2019). 

Olate and co-workers (2010), retrospectively analyzed 1,649 implants inserted in 650 patients 

and observed a significant relationship of early implant loss with implant height but not with 

diameter, where short implants (6 - 9 mm) had higher failure rates. An increase early failures 

in narrow implants was also observed in a previous retrospective study (Noguerol et al., 2006). 

On the contrary, Degidi and his colleagues (2008), have also retrospectively compare between 

delayed and immediate loading in 510 narrow implants inserted in anterior and posterior 

regions. The survival rate was (99.4%) after a mean follow-up of 20 months. However, several 

studies have also associated wide implants with early implant failure, since it might increase 

the risk of buccal bone dehiscence (Noguerol et al., 2006, Urban et al., 2012). 

Location of implant has always been known for being a significant risk factor for both early 

and late implant failure. The results of the present study, is in agreement with this, since 

implants placed in both posterior maxilla and mandible had a significant association with 

implant failure (P < 0.0001). According to several reports, early implant failure is significantly 

higher in posterior regions of both jaws (Jaffin and Berman, 1991, Chuang et al., 2002, Alsaadi 

et al., 2007, Degidi et al., 2009, Sánchez-Garcés et al., 2012). This can be attributed to multiple 



52 

conditions which can be present in posterior regions, such as insufficient bone volume, poor 

bone quality and heavy occlusal forces (Glauser et al., 2001). 

Alsaadi (2008a) and Noda (2015) with their co-workers have found implants placed in the 

posterior region to be a significant risk factors for late implant failure (P < 0.001) and (P < 

0.01), respectively. 

No association between bone grafting materials and implant failure were seen in the present 

study. This might be contributed to the protective effect bone grafting has on improving bone 

quantity and enhancing the success rates of implants (Dvorak et al., 2011). However, in a more 

recent report, higher failure rates are observed in implants placed with bone grafting (Borba et 

al., 2017). 

No association could be found between implant placement and surgical protocols and higher 

implant failure. This is in agreement with a recent meta-analysis result (Bassir et al., 2019). 

Finally, it was observed that more implant failures that occurred before loading were placed by 

oral surgeons rather than periodontists, but the results were not significant. No clear evidence 

for this is available in the literature since all the operators in the present study were specialists 

and experienced. However, it can be suggested that implant survival rates might be negatively 

influenced by the operator’s surgical technique, skills and clinical judgement. Moreover, a 

contributing factor that might somehow correspond to this finding, is that Periodontist are more 

thorough in maintenance therapy for implant patients who are being followed-up in that 

department (Sonkar et al., 2019). Evidence in the literature demonstrated that regular 

maintenance 3 to 4 times in the first year followed by 1 to 2 times annually is necessary for 

implant survival (Lang and Nyman, 1994, Wilson et al., 2014, Gay et al., 2016). 

 

6.5. Future research directions 

The limitations of this study should be noted to be addressed in the future. The lack of data that 

is usually associated with retrospective studies such as documentation about presence of 2mm 
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thickness of keratinized tissue around the implant, parafunctional habits, oral hygiene habits 

and providing occlusal splints should be considered, and future long-term prospective research 

with larger samples is encouraged to verify these associations. Besides this, the present study 

did not contain a wide variety of implant system designs and surface characteristics. Therefore, 

the outcomes of this study cannot be applied to all implant systems. In addition, several 

variables which were not evaluated in this study such as oral hygiene status and drilling speed 

could be considered as limitations owing to the fact that implant failure has a multifactorial 

etiology, thus require strict control on variables. Another limitation was the lack of a control 

group of patients without any implant failure. Nevertheless, the present study had a relatively 

large sample size of implants which were placed in a standardized clinical setting. Future 

studies may include control group to achieve more robust understanding of the potential risk 

factors for implant failure and provide effective preventive and therapeutic protocols. 
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7. CONCLUSIONS 

 

Within the limitations of this retrospective study, the analysis identified plausible risk factors 

for early implant failure, namely history of treated periodontitis, previous implant failure and 

irregular dental attendance that would allow clinicians to identify those at risk and ensure 

continuous peri-implant supportive care.  

In order to prevent the occurrence of implant failures, it is necessary to adopt strict guidelines 

for implant placement and identify those who are at high risk of implant failures. That being 

said so, it is necessary to educate and emphasize to the patient the importance of regular follow-

ups and implement a strict and effective peri-implant care program particularly for patients 

with a history of treated periodontitis to reduce the incidence of biological complications and 

risk of early implant failure. 

Further studies are necessary to achieve more robust understanding on potential risk factors for 

implant failures and to provide effective preventive and therapeutic protocols. 
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APPENDIX 2:  

DHA-USREC approval letter 
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APPENDIX 3:  

Data collection form 

 

1. Demographic data:  

• Gender:   Male   /   Female  

• Age (at implant failure): __________ years. 

• Operator placed dental implant:    Maxillofacial and oral surgeon   /    

Periodontist 

2. Systemic and patient-related outcomes:  

• Presence of systemic condition(s): _______________ 

• Medications:   Yes   /   No 

• Radiation therapy:   Yes   /   No 

• Chemotherapy:   Yes   /   No 

• Smoking habits:   Non-smoker   /   Current smoker 

• Parafunctional habits:   Yes   /   No 

• History of treated periodontitis:   Yes   /   No 

• History of regular dental attendance:   Yes   /   No 

• Regular peri-implant maintenance care:   Yes   /   No 

3. Implant-, site-, and surgical-related outcomes:  

• Implant system:  

• Astra 

• Xive 

• Ankylos 

• Friadent  

• Neoss 
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• Implant surface characteristics:    Moderately roughened   /   Roughened 

• Implant shape:   Cylindrical   /   Tapered 

• Implant height:  <11mm   /   ≥11mm 

• Implant diameter:   ≤3.5mm (narrow)   /   >3.5mm (standard) 

• Implant location: 

• Anterior maxilla 

• Posterior maxilla 

• Anterior mandible 

• Posterior mandible 

• Presence of keratinized tissue of ≥2mm:   Yes   /   No 

• Implant placement protocol:  

• Type 1 

• Type 2 

• Type 3 

• Type 4 

• Use of grafting materials:   Yes   /   No 

• Number of placed implants:   No additional implants   /   ≥ 2 implants 

• Timing of implant failure:   Early   /   Late 

• Reason for late implant failure:   Biological complications   /   Technical 

complications 

• Type of dental implant prosthesis:   

• No prosthesis 

• Single crown 

• Fixed bridge (splinted / cantilever) 

• Removable denture 
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• History of previous implant failure:   Yes    /   No 

4. Prosthesis-related outcomes:  

• History of Screw fracture:   Yes   /   No 

• History of coronal fracture:   Yes   /   No 

• Type of retention:   Screwed   /   Cemented 

• Numbers of years in function (≥ 2 years):   Yes   /   No 

 

 

 

 

 


