
Dental Implant Complications-Pharmacological 
Consideration & Systemic Conditions

Introduction

The replacement of missing teeth with endosseous implants for 
the rehabilitation of edentulous or partially edentulous patients has 
become a standard of care in the past two decades. This significant 
progress is based on the concept of osseointegration, first described 
by the two research groups of Branemark and Schroeder [1,2]. 
Fundamental experimental studies demonstrated that titanium 
implants regularly heal with direct bone-to-implant contact, 
a process termed osseointegration [1] or functional ankylosis 
[2]. Systemic diseases may affect oral tissues by increasing their 
susceptibility to other diseases or by interfering with healing. In 
addition, systemic conditions may be treated with medications 
or other therapies that potentially affect implants and the tissues 
carrying them. The first rule is to be critical in case selection. 
However, some cases yield unexpected outcomes (both good and 
bad) despite thorough planning and execution of the treatment 
model. Sometimes the cases start to fail even before the surgeon is 
aware of it. Understanding medical conditions and pharmacological 
implication and interaction is critical for any implant surgeon, 
and this knowledge needs continuous updating. Every surgery 
performed, every flap raised, every implant placed, every graft 
done, and every case restored has to be planned and performed to 
make it successful and safe for the patient.

Pharmacologic Considerations

Corticosteroids
Corticosteroids are a common treatment for various systemic 

diseases. Their use often leads to suppression of a patient’s immune  

 
response and makes them more prone to developing bacterial, 
viral, and fungal infections. These infections can be difficult to treat 
with conventional therapy and patients taking exogenous steroids 
are at risk for osteopenia and osteoporosis. The clinician should be 
aware of this when observing the maxilla and mandible [3-6].

Bisphosphonates
Bisphosphonates are an established category of drugs that 

function as bone resorption inhibitors by depressing osteoclast 
function. The efficacy of these agents in treating and preventing the 
significant skeletal complications associated with these conditions 
has had a major positive impact for patients and is responsible 
for their widespread use in medicine. Despite these benefits, 
osteonecrosis of the jaws has recently emerged as a significant 
complication in a subset of patients receiving these drugs [7]. 
Oral bisphosphonates are used frequently to treat osteoporosis 
and osteopenia, and include alendronate (Fosimax), etidronate 
(Didronel), residronate (Actonel), and tiludronate (Skelid) [8]. 
Patients under treatment with oral bisphosphonate therapy are 
at a considerably lower risk for osteonecrosis of the jaw than 
patients treated intravenously [9,10]. However, given the number 
of patients on oral bisphosphonate therapy, it is likely that at some 
point, practitioners will encounter patients with osteonecrosis of 
the jaw. More studies need to be conducted to determine accurately 
the incidence of this disease in the population and to assess the 
risk associated with long-term use of the drugs [11]. A patient is 
considered to have bisphosphonate related osteonecrosis of the 
jaw if they have the following three characteristics:
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A.	 Current or previous treatment with a bisphosphonate

B.	 Exposed necrotic bone in the maxillofacial region that has 
persisted for more than 8 weeks

C.	 No history of radiation therapy to the jaws

Management of patients with bisphosphonate-related 
osteonecrosis is extremely difficult. Surgical debridement has not 
been effective in eradicating the necrotic bone, and hyperbaric 
oxygen therapy has not been uniformly effective in limiting the 
progression of this process. It is difficult to obtain a surgical 
margin with viable bleeding bone. Therefore, surgical treatment 
should be avoided in most cases. Areas of necrotic bone that are a 
constant source of soft tissue irritation should be removed without 
exposing additional bone. However, it is likely that the margin of 
the debridement will remain exposed. Symptomatic patients with 
pathologic mandibular fractures may require a segmental resection 
with a continuity defect and immediate reconstruction with a rigid 
plate. Reconstruction of these patients with free or vascularized 
bone is not feasible given the likelihood that necrotic bone will 
be present or develop at the resection margin. Most patients with 
limited areas of exposed bone can be managed with irrigations 
and antibiotic therapy that is tailored to the culture and sensitivity 
data. Guidelines for the treatment of dental patients receiving 
intravenous bisphosphonate treatments should be different than for 
patients taking the oral formulation of this medication. According 
to the Grant, oral bisphosphonate treatments did not results in 
the bisphosphonate associated osteonecrosis of the jaw and also 
reported that the implant success rate were comparable in patients 
taking bisphosphonate & those not receiving oral bisphosphonate.

Anticoagulants
The three main anticoagulants are coumarin, heparin, and 

aspirin. They are usually prescribed to treat a number of cardiac 
or vascular disorders, including atrial fibrillation, ischemic cardiac 
disease, cardiac valvular disease, prosthetic cardiac valves, post-MI, 
deep venous thrombosis, pulmonary embolism, cerebrovascular 
accident, and many others [12-14]. Aspirin use in the USA remains 
high because of its diverse and beneficial activities. In adults at risk 
for cardiovascular thrombotic events, low-dose aspirin (81mg/day) 
is an excellent preventive agent; however, its antiplatelet properties 
have contributed to a perceived increased risk for bleeding after 
dental extractions [15]. 

Combination aspirin and the adenosine diphosphate PSY [16] 
receptor antagonist, clopidogrel (Plavix), therapy helps prevent 
thrombotic complications following a percutaneous coronary stent 
intervention [17]. In contrast, no additional benefit was found for 
aspirin and clopidogrel compared with aspirin alone to prevent 
cardiovascular events in patients with athero-thrombotic risk 
factors [18]. The combination of aspirin and clopidogrel has been 
associated with bleeding risk with coronary artery bypass graft 
surgery [19,20]. However, no studies have examined whether an 
increased risk of bleeding exists in the dental setting following 

extractions compared with more invasive surgical procedures 
such as coronary artery bypass grafting. Of importance, a recent 
science advisory from the American Heart Association, American 
College of Cardiology, Society for Cardiovascular Angiography 
and Interventions, American College of Surgeons, and the 
American Dental Association recommended continuing aspirin 
and clopidogrel therapy for minor dental surgical procedures in 
patients who have coronary artery stents or delaying treatment 
until the prescribed antiplatelet regimen is completed, and warned 
of the significant thrombotic risk of discontinuing therapy [21]. The 
risk of acute MI is increased during several weeks after cessation 
of nonsteroidal anti-inflammatory drug therapy. Overall, the data 
supported the conclusion that among acute coronary syndrome 
patients, the discontinuance of daily aspirin use increases the risk 
for adverse clinical cardiovascular outcomes during the first month 
after drug withdrawal. A slightly different scenario presents with 
patients who take higher doses of aspirin (i.e. >1g/day) and require 
dental extractions. These individuals generally take higher doses 
of aspirin for its analgesic and/or anti-inflammatory properties, 
and do not have antithrombotic concerns. Therefore, in patients 
taking aspirin as an analgesic or anti-inflammatory, aspirin use 
could be discontinued before dental extractions or surgery, as 
these patients are not at known risk for thrombosis. However, 
there are several studies [22,23] that indicate that aspirin use can 
be continued without significant concern for dental bleeding when 
local hemostatic measures are in place.

Antibiotics
The administration of antibiotics in preventing infections 

following surgical procedures is a common procedure in medicine 
and dentistry, although such prescription is often empirical [24]. The 
principle of antibiotic prophylaxis before oral surgical procedures, 
including dental implants, in patients at risk for endocarditis or in 
those who are severely immune-compromised is well established. 
Their use in conjunction with implant surgery in healthy patients 
and its correlation with failure and success rates are still poorly 
documented in the literature. However, it is widely agreed that total 
use of antibiotics should be reduced to minimize the emergence of 
resistant bacterial strains [25].

Age
Patient age in and of itself has not been shown to affect implant 

complication rates significantly [26]. Most clinical studies of implant 
survival and complications show high success rates, although elderly 
patients may have more difficulty manipulating removable implant-
supported prostheses [27]. However, age is definitely associated 
with the prevalence of systemic conditions that may affect implant 
success or complication rates. Older patients more commonly 
suffer from multiple systemic conditions than do younger patients, 
particularly conditions of a chronic nature such as hypertension, 
CVD, and osteoporosis, to name a few. For example, the prevalence 
of type 2 diabetes increases as a given subject population ages [28]. 
Therefore, an older individual is more likely to have diabetes. If 
diabetes increases the likelihood of implant complications and if 
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the clinician sees a lot of older patients with diabetes, that clinician 
may diagnose and treat a greater number of implant complications 
than one who sees mainly younger patients.

Likewise, the effect of risk factors for implant complications 
may become more obvious as patient ages simply owing to the 
cumulative effect of the risk factor over time. For example, smoking 
may increase the risk of implant complications. A person who has 
accumulated 50 pack-years of smoking exposure may be more 
likely to exhibit the negative clinical effects of that accumulated risk 
exposure than a person who only has a 5-pack-year smoking history. 
Assuming the two individuals began smoking at the same age, the 
older individual will accumulate greater risk exposure than will 
the younger person. Hormonal changes occurring with age mainly 
affect women. Of particular relevance to implant complications is 
the decreased bone mineral density associated with aging in both 
males and females. Because bone mineral density decreases more 
rapidly after menopause, older women are more likely to have 
osteopenia or osteoporosis than are age-matched men.

Another consideration for patient age is the number and 
variety of medications taken. Overall, the prevalence of poly-
pharmacy increases dramatically with age [29,30]. Medications can 
certainly result in implant complications, especially as they relate 
to surgical risk and alterations in wound healing. Many of these will 
be discussed later in this chapter. For example, older patients with 
multiple chronic diseases are more likely than younger patients 
to take medications that increase the risk of intraoperative or 
postoperative bleeding, postural hypotension, xerostomia and 
mucosal irritation, gingival enlargement, and immunosuppression. 
In addition, use of multiple medications increases the risk of drug 
interactions with medications prescribed by the dentist. Thus, 
it is not a patient’s age per se that determines risk for implant 
complications, but rather the increased prevalence of systemic 
conditions that occur with age, the increased level of risk factor 
exposure, and the medications that are used in managing such 
conditions.

Diabetes
Despite its widespread prevalence throughout the world, 

there is relatively little evidence on diabetes as a direct risk 
factor for dental implant complications or failure. Diabetes is 
associated with a wide range of systemic complications including 
microvascular and macrovascular diseases, altered wound healing, 
and increased susceptibility to infection [31]. These conditions may 
increase the risk of postsurgical complications following dental 
implant placement. In addition, diabetes is a major risk factor for 
periodontal disease. Dental implants are often used to restore 
function in partially edentulous patients. In these individuals, the 
clinician must perform a thorough examination of the remaining 
dentition and must understand those factors that increase the risk 
for periodontal destruction, such as diabetes. Further progression 
of existing periodontitis in such patients may alter the functional 
load on existing implant supported restorations or may necessitate 
further implant placement.

Diabetes negatively impacts bone metabolism, with decreased 
osteoblast differentiation and proliferation, decreased collagen 
production, and increased osteoblast apoptosis having been 
demonstrated in hyperglycemic environments [32]. Animal models 
of type 1 diabetes reveal decreased bone-to-implant contact on 
machined surface and rough surface dental implants placed in 
diabetic animals compared with non-diabetic animals [33,34]. 
Trabecular bone volume around implants is also decreased in 
diabetic animals. Cortical bone remains relatively unaffected. 
Conversely, animal models of type 2 diabetes have shown no 
difference in osseointegration or trabecular bone volume around 
machined surface implants compared with non-diabetic control 
animals [35]. If diabetes does negatively affect osseointegration, 
it is more likely to impact implants placed in regions with a 
predominance of cancellous bone, such as the maxilla than in 
regions with an abundance of cortical bone such as the anterior 
mandible. Interestingly, when insulin is used to establish good 
glycemic control in diabetic animal models, bone-to-implant contact 
increases markedly compared with animals with uncontrolled 
diabetes, suggesting that establishing good glycemic control may 
be an important determinant of osseointegration [36]. 

A systematic review of the available evidence in 2007 suggested 
that diabetes might have a small negative impact on implant survival 
in humans over time [37]. However, one of the major findings of 
the review was the paucity of studies examining this important 
question. Almost all human studies have been limited to individuals 
with type 2 diabetes, and few have examined the impact of various 
levels of glycemic control on implant outcomes. Studies of implants 
in the anterior mandible have shown 5-year survival rates of 88-
94% in subjects with type 2 diabetes [38,39]. While these studies 
did not directly compare diabetic and non-diabetic patients, the 
88-94% survival rate is somewhat lower than that seen in other 
studies of non-diabetic subjects. For example, 5 year survival rates 
of implants placed in the anterior mandible of non-diabetic subjects 
have ranged from 98% to 100% [40,41]. In a large prospective 
study of over 2600 implants in various anatomic locations of both 
non-diabetic and type 2 diabetic patients, implant survival rates at 
least 3 years after placement were 93% in non-diabetic and 92% 
in diabetic individuals [42]. Conversely, in a smaller retrospective 
study of 215 implants placed in both type 1 and type 2 diabetic 
patients the cumulative 6-year survival rate was 85.7% [43].

One of the most important factors in preventing systemic diabetic 
complications such as retinopathy, nephropathy, and neuropathy 
is establishing good glycemic control. In general, glycemic control 
is evaluated clinically through use of the glycosylated hemoglobin 
assay, or HbAlc. This assay allows the determination of the average 
glucose levels over the 2-3 months preceding the test. A normal 
HbAlc is less than 6%. The American Diabetes Association (ADA) 
recommends that most people with diabetes try to control their 
blood glucose levels well enough to maintain an HbA1c below 
7% [44]. There is strong evidence that improved glycemic control 
decreases the risk of long-term diabetic complications [45,46]. 
However, there is little evidence evaluating the impact of glycemic 
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control on dental implant survival or complications in people with 
diabetes. Very few implant studies have even examined the level 
of glycemic control in their diabetic patient populations. A recent 
study examined the question of how glycemic control affects 
implant complication rates in type 2 diabetic individuals with 
HbAlc levels ranging from 4.5% to 13.8% [47]. All of the implants 
successfully integrated and were in function at least 1 year after 
placement. This small study suggests that implants can be placed 
successfully in diabetic patients with a range of glycemic control. 

However, only three subjects had HbAlc levels over 10% and 
only short-term survival was evaluated, so clinicians should assess 
these data carefully. In general, poor glycemic control is considered 
a risk factor for postsurgical infection. Thus, until more data 
specifically related to dental implant surgery become available, 
risks associated with implant therapy should be evaluated carefully 
in diabetic individuals with poor glycemic control, and detailed 
informed consent should be obtained.

Smoking
There is no question that smoking has numerous deleterious 

effects on tissues and on the host immune-inflammatory response. 
Products of tobacco such as nicotine, carbon monoxide, and 
hydrogen cyanide alter wound healing by decreasing proliferation 
of fibroblasts and other reparative cells, decreasing tissue perfusion 
through vasoconstriction, and increasing platelet adhesion [48]. 
Hydrogen cyanide inhibits oxidative metabolism, while carbon 
monoxide decreases tissue oxygenation by competitive binding 
to hemoglobin. Smoking up-regulates production of certain pro-
inflammatory cytokines such as interleukin-1 and tumor necrosis 
factor-a, while also adversely affecting humoral immune responses. 
Smoking has a deleterious effect on secretory immune functions as 
well, which may adversely impact healing in the maxillary sinus. 
Smoking decreases osteoblast activity, resulting in diminished bone 
mineral density and delayed bone healing after surgery. While these 
adverse effects of smoking exist and could affect healing following 
implant placement, the clinical question remains as to the impact of 
smoking on actual implant survival and the rate of complications. 
Many studies have examined the impact of smoking on dental 
implant therapy. Unfortunately, most of these studies do not clearly 
delineate the degree of smoking exposure such as the number of 
cigarettes smoked or the duration of smoking. Numerous studies 
report an increased failure rate of implants in smokers compared 
with nonsmokers. In general, the failure rate is reported to be 
2-2.5 times higher in smokers [49,50]. In some studies, implants 
placed in the maxilla are negatively affected by smoking to a greater 
degree than those placed in the mandible, perhaps owing to the 
generally greater bone density in the mandible. In addition, the 
implant surface may have a major impact on the effect of smoking 
on implant outcomes.

Systematic reviews provide clinicians with the highest level of 
evidence, and several systematic reviews of data related to smoking 
and implant therapy have been published in the past few years 

[51,52]. These studies examining data from thousands of implants 
confirm that overall, implant failure rates are approximately two-
fold higher in smokers compared with non-smokers. For example, 
in one systematic review the overall survival rate in smokers was 
89.7% compared with 93.3% in non-smokers [53]. Looked at 
another way, the overall failure rate was 10.3% in smokers, versus 
6.7% in non-smokers. Several major factors need to be considered 
in interpreting the results of these smoking studies. First, the impact 
of smoking may vary with the anatomic location in which implants 
are placed. A large study of over 2500 implants evaluated at least 
3 years after placement demonstrated an implant failure rate of 
10.9% for maxillary implants in smokers versus 6.4% for maxillary 
implants in non-smokers, a difference of 4.5% [50]. Conversely, in 
the mandible the failure rate was 6.9% for smokers and 5.6% for 
non-smokers, a difference of only 1.3%. This study suggests that 
the impact of smoking may be greater for maxillary implants than 
for mandibular implants. This concept was confirmed in a large 
systematic review that found a statistically significant two-fold 
increased failure rate in maxillary implants in smokers compared 
with non-smokers, but no significant difference in mandibular 
implant failure rates [51]. Another systematic review found a 2.0% 
overall difference in survival rate for smokers versus non-smokers 
when implants placed in all anatomic locations were evaluated, but 
the difference in failure rate was 7.4% when only maxillary sites 
were considered [53].

Another special anatomic consideration for smokers is the 
impact their habit may have on implants placed inaugmented 
sites such as maxillary sinuses or ridges that have been grafted. 
Most studies show that implant survival rates in sites that have 
been previously augmented by bone grafting are similar to sites 
where implants have been placed in native bone [54-56]. However, 
smoking may be a major factor in altering the outcome in such sites. 
A large systematic review concluded that smoking has a particularly 
strong negative effect on the survival of implants placed in either 
augmented maxillary sinuses or alveolar ridges. Compared with 
an overall 2.1-fold increased risk of implant failure in smokers 
versus nonsmokers, when implants were placed in augmented sites 
in smokers the failure rate was 3.6-fold higher than for implants 
placed in augmented sites in non-smokers [52]. Thus, clinicians 
should anticipate the possibility of higher failure rates for implants 
placed in bone augmented sites in smokers, and should counsel 
patients accordingly.

Many implant studies include primarily machined surface 
implants in their data sets because the studies were initiated at 
a time when machined surface implants were commonly placed. 
Smoking adversely affects the survival of machined surface implants 
to a greater degree than rough surface implants. For example, 
one systematic review showed a statistically significant 2.25-fold 
increased failure rate in smokers compared with nonsmokers when 
implants of all surface types were evaluated [52]. However, when 
only rough surface implants were evaluated, there was no significant 
difference in implant survival rates in smokers compared with 
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nonsmokers. In another meta-analysis of rough surface dual acid 
etched implants, the 3-year cumulative survival rate in smokers 
was 98.7%, almost exactly the same as the 98.4% survival rate in 
non-smokers [57]. A large study of sand-blasted and acid-etched 
implants showed initial short-term implant survival rates of 98% 
for both smokers and non-smokers [58]. These results have led 
many study groups to conclude that rough or micro roughened 
surface characteristics of dental implants may mitigate the adverse 
effect of smoking on long-term implant outcomes.

Implant failure is not the only concern of clinicians. Implant 
complications may also occur, including peri-implantitis, soft-
tissue inflammation, and loss of alveolar bone. Smoking increases 
the rate of implant complications in most studies that have 
examined the question. In a systematic review of 13 studies 
examining peri-implant bone height over time, 11 of the 13 studies 
found significantly greater bone loss in smokers compared with 
non-smokers [52]. Again, the negative effect of smoking may be 
decreased when implants with rough surface characteristics are 
used. Many of these studies also show an increased rate of peri-
implant mucosal inflammation, deeper peri-implant probing 
depths, bleeding, and suppuration in smokers. Even in studies that 
have shown no difference in implant survival in smokers versus 
nonsmokers, the rate of soft-tissue complications may be higher in 
smokers [59]. When an absence of such complications is considered 
as “success”, studies show that the success rate of implants in 
smokers is significantly lower than in non-smokers. For example, a 
systematic review found a success rate of 91.0% for non-smokers, 
but only 77.0% for smokers [53]. 

Over 40 years of research supports the concepts that smokers 
have a poorer periodontal status overall than non-smokers, that 
smokers are at greater risk of progressive periodontitis, that 
smokers are at greater risk of tooth loss, and that smokers do not 
respond to periodontal therapy as well as non-smokers [48]. Thus, 
the smoking patient is at increased risk of periodontal destruction 
which may lead to further loss of teeth and alteration in the 
function of existing implant-supported restorations. In addition, 
smoking patients who continue to lose teeth may seek further 
implant therapy, which may then have a greater risk of failure or 
complications post-treatment.

Immunodeficiency
Immunodeficiency can affect a patient’s ability to fight infection 

and can alter wound healing following trauma or surgery. Infection 
with the human immunodeficiency virus (HIV) results in major 
changes in immune function. As the disease progresses, the patient 
may exhibit acquired immunodeficiency syndrome (AIDS)-related 
signs and symptoms, among which are oral lesions and infections. 
While advances in therapy over the past 20 years have radically 
changed survival rates for people with HIV, the disease remains a 
leading cause of death worldwide [60]. In the USA and other parts 
of the industrialized world, the use of highly active antiretroviral 
therapy (HAART) has resulted in decreased mortality rates for 

HIV patients. HAART has allowed many people with HIV to live 
long and productive lives relatively free of medical complications. 
This means that the dentist is likely to see patients with HIV who 
desire replacement of missing teeth with dental implant-retained 
or supported restorations. There is little research on dental implant 
outcomes in patients with HIV, other than a few case reports and 
case series which were all published after use of HAART became 
routine [61-63]. These reports all demonstrate that dental implant 
survival rates are similar in HlV-positive patients using HAART 
protocols to those seen in healthy patients. In addition, the rate of 
postoperative complications in these cases was low, similar to what 
would be expected in a healthy population. It appears that HIV itself 
is not a major etiologic factor in implant failure or complications. 
However, each HIV patient must be evaluated individually, as co 
morbid conditions such as hepatitis or other viral infections, blood 
dyscrasias, opportunistic infections, and certain forms of cancer 
may contraindicate implant therapy.

Immune disorders other than HIV can also alter dental implant 
therapy. Numerous autoimmune diseases exist that affect oral 
health and surgical risk. For example, Sjogren’s syndrome can 
result in severe xerostomia leading to rampant caries and tooth 
extraction. Dry mucosal surfaces are easily irritated by tissue-
borne prostheses. This may lead a Sjogren’s syndrome patient to 
seek implant-supported restoration. Sjogren’s syndrome is not 
a contraindication to implant therapy, and successful implant 
treatment has been reported. Successful implant therapy has also 
been reported for patients with other autoimmune diseases such 
as scleroderma. In patients with autoimmune conditions, the 
risk of surgical therapy may be increased, and alterations to the 
surgical treatment plan may be indicated. For example, patients 
with systemic lupus erythematosus may have multiple organ 
involvement and may be at increased risk for bacterial endocarditis 
due to cardiac valvular damage [64]. Physician consultation may be 
warranted for patients with these types of autoimmune diseases. 
Systemic steroids are often used in the management of autoimmune 
disorders to suppress the immune response. Long-term systemic 
steroids can induce osteoporosis, which should be considered in 
the risk-benefit assessment for implant therapy. Systemic steroids 
may also cause secondary diabetes, which can also affect implant 
treatment. Immunosuppressant therapy is commonly used in 
association with organ transplantation, bone marrow transplants, 
and cancer therapy. There is little evidence available to determine 
the impact of intentional immunosuppression on implant survival, 
failure, or complication rates.

Cancer therapy
Patients with cancer of the head and neck region are often 

treated with chemotherapy, radiation therapy, or both. These 
treatments have major negative effects on host defenses and on 
hematopoiesis. Clearly, a patient undergoing active chemotherapy 
or radiation therapy is not a candidate for dental implant placement. 
In general, implant-retained restorations or prostheses show lower 
long-term survival rates in patients receiving resective head and 
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neck cancer therapy than do those in patients without prior cancer 
treatment [65]. However, it is important to distinguish between 
patients who have received surgical resection, chemotherapy, 
radiation therapy, or some combination of treatments. Very little 
research has been done examining the effect of chemotherapy 
on implant success and survival rates. The data that are available 
suggest that a history of chemotherapy before implant placement 
or a history of chemotherapy after successful integration and 
restoration of implants has no negative effect on implant survival 
[66,67]. Radiation treatment has been studied much more 
extensively than chemotherapy. Radiation therapy has numerous 
factors that can affect the risk for implant failure or complications 
[68]. The radiation dose is usually not uniform across the various 
regions of the jaws. Some areas may receive very high doses while 
adjacent regions receive little, if any, direct radiation. High-dose 
radiation markedly decreases vascularity of the bone, a process 
which continues in the irradiated bone long after treatment. Many 
patients with oral tumors undergo surgical resection of soft and 
hard tissues, which can grossly decrease vascularity and can result 
in limited amounts of remaining bone, often in areas difficult to 
place dental implants in favorable positions for restoration. Some 
patients are then reconstructed with bone grafts that may or may 
not have good vasularization post grafting. All of these factors can 
increase the failure and complication rates of dental implants.

Systematic reviews of the evidence suggest that implant survival 
rates are lower in alveolar bone that has been previously irradiated 
than in non-irradiated bone [69]. Implant failure is relatively 
low when radiation doses are below 45Gy. Once above the 45Gy 
level, however, the failure rate does not appear to increase with 
increasing radiation dose. A systematic review determined a failure 
rate of 5.4% at radiation doses of 46-55Gy, a 5.2% failure rate at 
56-66Gy, and a 5.1% failure rate at doses above 61Gy. In this review, 
the implant failure rate was higher in the irradiated maxilla (17.4%) 
than in the irradiated mandible (4.4%). Most implant failures occur 
during the first 3 years after placement in previously irradiated 
bone. No significant differences in implant failure rate were found 
when radiation was received before implant placement versus after 
successful implant placement and osseointegration. In examining 
19 studies of implant placement in irradiated patients, the overall 
failure rate was 3.2% when radiation followed implant placement 
compared with 5.4% when radiation preceded implantation [69].

When implants are placed following irradiation, the failure rate 
may be higher if implants are placed a long time after radiation 
therapy compared with placement at a shorter time from radiation 
treatment. In a study of 631 implants in 107 irradiated cancer 
patients, implant survival decreased significantly when implants 
were placed longer than 15 years after irradiation [70]. The highest 
survival rates were seen when implants were placed within 8 years 
of irradiation. When implants were placed more than 15 years 
after radiation therapy, the long-term survival rate dropped to 
less than 50%. Overall, the survival rate was approximately 76% 
in this study, again demonstrating that clinicians and radiation 

patients should expect lower survival rates than had the patient not 
received radiation. Many irradiated patients have also undergone 
tumor resection and subsequent bone grafting. In a study of 71 
patients treated by resection and radiation therapy with 50Gy of 
radiation dose, followed by placement of 316 mandibular implants, 
the implant failure rate after 8 years was 72% when implants were 
placed in previously irradiated bone, 95% when implants were 
placed in non-irradiated bone, and only 54% when implants were 
placed in previously grafted bone [71].

One of the major and potentially devastating oral complications 
of radiation therapy is osteoradionecrosis (ORN). Hyperbaric 
oxygen therapy has been widely used to prevent and treat ORN. 
Hyperbaric oxygen therapy increases tissue vascularity and oxygen 
tension by promoting angiogenesis. As implants have become more 
common in irradiated patients, hyperbaric oxygen therapy has been 
used to attempt to improve implant survival rates and decrease 
implant complications, one of which is ORN. While some studies 
have shown improved implant survival rates with hyperbaric 
oxygen therapy, others have not [72]. A Cochrane review of this 
issue revealed a paucity of high-quality studies [73]. Unfortunately, 
only one randomized controlled trial has examined the effect of 
hyperbaric oxygen on implant survival when compared directly 
with a control subject group that did not receive hyperbaric oxygen. 
All implants were placed in the anterior mandible, and five out of 13 
patients who received hyperbaric oxygen had at least one implant 
failure compared with two out of 13 in the non-hyperbaric control 
group. Overall, there were no significant differences between 
groups in the number of implant failures. The effect of hyperbaric 
oxygen therapy on implant outcomes requires more study before a 
recommendation can be made to include this treatment in clinical 
protocols.

Conclusion
In recent years dental implant is the treatment of choice in 

edentulous patients. Regarding the fact that outcome of this dental 
implant depends upon the systemic condition of patient, which 
affects the success of any dental implant therapy. Therefore, proper 
patient selection, history of any kind of systemic disease or condition 
and applying the standard rules for the surgical procedure is must 
for the clinicians. It is better to evaluate the patients overall health 
before starting the procedure of implant therapy. Consultation, 
para-clinical and laboratorial test must be done in suspicious cases 
to obtain definitive long lasting results.
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