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Abstract: Sunival of Osseointearated Dental Im~lants in Smoker~ 
and Non-Smokers. Master of Science. 2000. Effiat Habsha 
Gradua te De-partment of Dentistty I lniversitv of Toronto. 

The purpose of this retrospective study is to evaluate the survival of Branemark 

endosseous dental implants in relation to cigarette smoking. The sample size 

consisted of 464 consecutively treated cornpletely and partially edentulous 

patients who had 1852 implants placed between 1979 to 1999. The effect of 

cigarette smoking on implant survival in relation to the time of implant failure, 

gender, age, implant surgeon, date of implant placement, length of implant, 

implant diameter, site of implant placement, design of the prosthesis and occlusal 

loading considerations was assessed in bivariate and multivariate survival 

analyses. An overall implant failure rate of 143 implants (7.72%) was found. 

Patients who were smokers at the time of implant placement surgery had a 

significantly higher implant failure rate (23.08%) as compared to non-smokers 

(13.33%) when the data were assessed on a patient basis. Furthemore, a 

multivariate survival analysis showed that early implant failure is significantly 

associated with smoking at the time of stage one surgev, implant length and site 

of implant placement and late implant failure is significantly associated with a 

positive smoking history of 25 cigarette years, implant length and site of implant 

placement. This study indicated that cigarette smoking has a negative effect on 

implant survival even after accounting for potential confounding variables. Other 

risk factors for implant failures exist and must be identified when considering the 

causes of dental implant failure. 
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INTRODUCTION 

The predictability of oral implant therapy has been increasingly well documented in the 

scientific literature. Longitudinal studies on edentulous patients treated with 

osseointegrated implants have demonstrated impressive success rates (Adell et al., 

1981; Adell et al., 1990; Lindquist et al., 1996; Zarb and Schmitt. 1996). while numerous 

studies have also documented favourable long term success rates of implant supported 

prostheses in partially edentulous patients (Adell et al., 198 1 ; Adell, 1985; Albrektsson 

et al., 1988; Zarb and Schmitt. 1990, 1991 ; Van Steenberghe, 1989; Wyatt and Zarb, 

1998). Implant therapy has also been successfully prescribed in restoring the single 

missing tooth (Jemt and Petterson, 1993; Henry et al., 1996; Avivi-Arber and Zarb, 

1996). The improvement of masticatory function and patient satisfaction attributed to 

implant supported prostheses have eclipsed the reported improvements gained by other 

preprosthetic surgical techniques. As a result, implant prosthodontics has become an 

integral and indispensable part of the dentist's therapeutic repertoire (Zarb, 1992). 

Most studies reporting on the effectiveness of dental implants have focused primariiy on 

theit high levels of success. Recent reports have analyzed some of the reasons for 

implant failures, including biological, anatomical and biomechanical factors. Jaffin and 

Benan (1991) reported the results of a variety of jaw sites and prosthetic applications 

in relation to bone quality. They found a rate of failure of 35% among 102 implants 

placed in type 4 bone compared to a 3% failure rate of 952 fixtures placed in type I, II 

and III bone. Occlusal overioad has been demonstrated to cause failure of implants 

where prostheses are supported by fixtures of inadequate length and number (Isidor, 

1996; Block and Kent, 1990). To date, there are no studies showing that any specific 



disease or medication lead to implant failure. It is difficult to establish cause and effect 

relationships because factors may combine to cause implant failure. In a recent review 

article by Sennerby and Roos (1998) several factors that influence the clinical outcornes 

of implant therapy were identified. These factors, which were compiled from clinical 

reports published in major scienüfic journals, were summadzed in the following table: 

able 1: Inter~retat terature with reaard to factors that influence the dinical 
molant therap (Sennerbv and Roos. 1998) 

High Severely resorbed maxilla 
Irradiation 
Press-fit cylinders 

Active chemotherapy 
Disphosphonate therapy 
Ectodemal dysplasia 

lncreased 

lnfected extraction sites 
One or two vs. more posterior implants 

l 
Smoking 

iherefore, there are a variety of factors that have been proven or postulated to be 

Erosive lichen planus 
Type II diabetes 

Surgical experience 
Lack of preoperative antibiotics 

associated with implant failure. The effect of cigarette smoking is only one of these 

lmmediate loading 
Onestage surgery 

Systernic disease or medication 
lmmediate implants in 
extraction sockets 
One-stage surgery 

1 Short vs. long implants 

factors and is the focus of my research. 

Low 

One can classify implant failure as either being early or late. Early implant failures 

Incision technique 
Operation conditions 
Implant angulation 
Exposed implant threads 

occur at or before abutment connection (stage two) surgery and late implant failures 

occur after stage two surgery. Most implant failures are identified at or before stage two 

surgery or during the prosthetic phase (Sennerby and Roos, 1998). In addition, a 

metanalysis of 73 published articles (Esposito et al., 1998) revealed that roughly half of 



al1 implant failures occur prior to occlusal loading. This suggests that interference with 

the healing process rnay be an important reason for implant failure. Therefore, factors 

that interfere with this healing process, such as cigarette smoking, may contribute to 

implant failure. 

Osseointegration requires an osteogenic wound healing response, which is capabie of 

forming and maintaining direct anchorage at the implant bone interface. Normal wound 

healing following stage I implant surgery is an essential process for the success of 

osseointegration. The host bed requires an adequate blood supply to deliver the 

necessary elements for wound repair and host defense. Cigarette smoking has been 

shown to adversely affect wound healing, and it may be, therefore, that the suboptimal 

healing response that can occur in a smoker decreases the possibility for successful 

osseointegration. Furthermore, cigarette smoking has been implicated in reducing bone 

density, and in this way giving rise to poor quality bone. Poor quality bone has been 

associated with implant loss. Therefore, smoking may also lower implant survival 

outcornes by giving rise to poor quality bone. 

The purpose of this study is to evaluate the survival of Branernark endosseous dental 

implants in relation to cigarette smoking. In order to appreciate the effects of smoking 

on wound healing, and specifically wound healing after implant placement, one must 

understand the biologic rnechanism involved. Therefore, the following sections describe 

the sequence of eventç that occur affer the surgical placement of a dental implant and 

the detrimental effects of cigarette smoke on wound healing. Furthemore, the effects 



of smoking on bone density are summarized and the curent literature on the effects of 

smoking on dental implants is reviewed. 



1. Wound Healing at an Implant Site 

The healing response of bone at an implant site consists of a programmed sequence of 

events. The cascade of potential responses will depend on the ability of bone to heal, 

as well as the lack of a foreign body response. Implants made of cornmercially pure 

(c.p.) titanium posses the best biocompatibility compared to other metals and do not 

initiate a foreign body response (LeGeros & Craig, 1993). The reason for the good 

acceptance of c.p. titanium implants relates to the fact that they are covered with a very 

adherent, self-repairing oxide layer which has an excellent resistance to corrosion 

(Albrektsson, 1995). In order to achieve successful osseointegration, an ordered series 

of events must follow the surgical placement of the implants. Wound healing at the 

implant site wiil depend on the presence of adequate cells, their adequate nutrition and 

adequate stimulus for bone repair. The 3 main phases of bone healing, namely the 

inflammatory, proliferative and maturation phases, must occur for successful 

osseointegration to occur. 

1.1 Phase 1: The inflamrnatory phase 

The placement of implants into bone involves the surgical creation of an osseous defect 

with the subsequent filling of this defect with the implant. The generation of a thin layer 

of necrotic bone in the peri-implant region is inevitable even with the strictest adherence 

to surgical protocol (Albrektsson, 1983). There is also the formation of dead space in 

the regions of the implant where there is the lack of intimate contact with osseous 

tissue. Local plasma proteins are rapidly adsorbed to the implant surface upon implant 

insertion. Platelet contact with synthetic surfaces causes their activation and release of 

their intracellular granules resulting in the release of adenosine nucleotides, serotonin 



and histamine, leading to further platelet aggregation and local thrombosis (Feinberg & 

Larson, 1991). Blood contact with proteins and foreign materials leadç to the initiation 

of the clotting cascade via the intrinsic and extrinsic pathways, causing blood 

coagulation in the ped-implant dead spaces and within the damaged local microvascular 

circulation. Various cytokines, such as PDGF, IGF-1, IGF-II, TGF, TGFa IL4 etc., are 

released from local cellular elements in the inflammatory phase. The functions of the 

various cytokines include regulaüng adhesion molecule production, increasing 

vascularkation rate, enhancing collagen synthesis, regulating bone metabolism and 

osteoclast activation. The cellular infiammatory response then ensues with the 

emigration of neutrophils, T-cells, B cell, K cells, NK cells and macrophages to the 

wound site. Neutrophil aggregation usually occurs during the first 3 to 4 days following 

surgery. Neutrophils act as the first-stage cellular defense and are the principle cells 

involved in the acute inflammatory response to tissue damage; they are highly mobile 

and migrate from small blood vessels to sites of tissue damage where they engulf and 

destroy cell debris and microorganisms by phagocytosis. At day 5-6 following surgery, 

the inflammatory response becomes more specific in nature. Macrophages are the 

predominant phagocytic cell found in the wound at this time. The macrophages, T, B, 

K, and NK cells respond to foreign antigens such as bacteria and plaque debris that 

have been introduced into the site during the surgical procedure. Lymphokines are 

released from local cellular elements and their function is to facilitate cellular 

intercommunication. The macrophages are instrumental in the cellular immune 

response. Macrophages can phagocytize immunologic and non-immunologie particles 

and digest thern with lysosomal enzymes. In addition, they have surface receptors 

which are essential in the killing of bacteria, fungi and tumor cells. The reaction of 



macrophages on exposure to foreign materials depends on the physical and chernical 

nature of the material. Rae (1975) demonstrated that particles of titaniurn, chromium 

and molybdenum were phagocytized and produced no abnormal morphologie 

abnormalities in an in vitro experirnent on mouse pentoneal macrophages. A few 

macrophages not associated with an overt inflammatory response are normally located 

on intact implant surfaces. In contrast, the persistence of a large number of foreign 

body giant cells long after implantation tends to suggest the presence of a chronic 

infiammatory reaction and probable implant failure (Kent & Miseik, 1991 ). 

1.2 Phase II: The proliferative phase 

The proliferative phase begins shortly after the surgical procedure. During this phase, 

neovascularization, which is the vascular ingrowth from the surrounding vital tissues, 

differentiation, proliferation and activation of cells, and the production of immature 

connective tissue matrix, occurs. Interruption of the local microcirculation occurs in the 

surgical areas during the placement of implants and regeneration of the local circulation 

is crucial for favorable wound healing to occur. Wound neovascularizaton is noted to 

begin as early as the third postoperative day. There is an area of relative hypoxia which 

develops at the wound site due to the metabolism of the local inflammatory cells, 

fibroblasts, osteoblasts and other local cells. The oxygen gradient cha;.;as so that - - the --.* - 

lowest oxygen tension develops next to the wound edges. This hypoxic state is partly 

responsible for stimulating angiogenesis. Once capillary buds and a local 

microcirculation is established, an improved tissue oxygen tension deveIops. The new 

circulation provides the delivery of nutrients and oxygen necessary for connective tissue 

regeneration. 



Undifferentiated mesenchymal cells (UMC) are also required for bone repair at the 

implant site. Local rnesenchymal cells begin to differenüate inio fibroblasts, osteoblasts 

and chondroblasts in response to local hypoxia and cytokine release from platelets, 

macrophages and other cellular elements. The UMCs may be stimulated to transform , 

into preosteoblasts and later osteoblasts, which are responsible for a major part of the 

bone repair. The mesenchymal cells require an adequate stimulus to become induced 

to bone foming cells as they are pleuripotent and may develop into fibroblasts instead 

of into bone forming cells, for example. The differentiated bone cells are the osteoblast, 

the osteocyte and the osteoclast. The osteoblast is a bone-producing cell which has 

been described capable of producing 0.17mm3 of matrix daily (Baylink et al., 1970). 

The osteocyte is the cell of living bone which may participate in the bone remodeling 

process by being responsible for a direct perilacunar resorption or as part of a coupled 

resorptive function with the osteoclast (Jande & Belanger, 1973). The osteoclast is a 

bone-resorbing cell and is capable of resorbing bone at a rate of 100pm per day 

(Schenk and Willenegger, 1967). The repair of the cortical necrotic border zone around 

an implant will to a large extent depend on a particular type of coupled 

osteoclast/osteoblast action called creeping substitution. Vessels penetrate the necrotic 

border zone of the fracture according to the pathway of least resistance. Osteoclasts 

resorb the necrotic bone and osteoblasts form new bone around the vessel. Since 

many vessels penetrate the bone in different directions, the new bone which is laid 

down around the vessels will be of an unordered nature in relation to the surrounding 

ordered bone. With the passage of time, continuing creeping substitution with blood 

vessels growing in a more straight and ordered fashion will result in remodeling of the 

bone in the fracture area. As a result, the implant site will eventually heal completely in 



an ordered manner (Albrektsson, 1995). The initial fibrous tissue and ground substance 

that are laid down eventually form into a fibro-cartilage callus, and this callus is 

eventually transforrned into a bone callus with a process similar to endochondral 

ossification (Feinberg & Larson, 1991 ). This callus transformation is aided by improved 

oxygen tension and enhanced nutrient delivery that occurs with improvement of local 

circulation. To function properly, the bone cells must be properly nourished, and bone 

repair will not begin before regained local circulation has been established. Albrektsson 

(1983) studied the healing process that occurs in the peri-implant space using an optical 

chamber irnplanted in long bones of animal models. These studies revealed that 

vascular ingrowth precedes ossification with capiilary ingrowth initially appearing and 

maturing to becorne a more developed vascular network during the first 3 weeks after 

implant insertion. Ossification peaks during the third to fourth week and arrives at a 

steady state by the sixth to eighth week. It was also shown that a one year follow-up of 

the unloaded implants reveals little change from the situation seen at the 6 to 8 week 

period. 

1.3 Phase III: The maturation phase 

The final phase of bone healing is the maturation phase. It involves the remodeling of 

the immature bone matrix with coupled resorption and deposition of bone, bone 

remodeling in response to implant loading and physiological bone resorption. In this 

phase, appositional woven bone is laid down on the scaffold of dead bone trabeculae by 

differentiated mesenchymal cells. The simultaneous resorption of the dead bone 

trabeculae and the newly formed bone callus, coupled with the deposition of mature 

concenfric lamellae eventually results in wmplete bone remodeling, leaving a zone of 



living lamellar bone that is continuous with the surrounding basal bone. For years after 

implantation, there will be an increased activity of coupled osteoclast/osteoblast function 

in the form of a gradua1 replacement of the interfacial hard tissue to new, more ordered 

bone, so as a result healing will ensue without scar formation (Branemark, 1985). 

Numerous clinical studies have shown that approximately 0.5 to 1.5mm of vertical bone 

loss occurs during the first year after implant insertion, after which a steady state of 

bone loss is reached. Ongoing bone loss will then occur at a rate of approximately 

OAmm per year (Adell, 1981 ; Chaytor et al., 1991). These findings can be attributed to 

the fact that the initial rapid bone loss results from the inevitable surgical trauma, such 

as periosteal elevation, removal of marginal bone and bone damage cause by drilling 

(Adell, 1981). The later steady state bone loss probably reflects nona l  physiologic 

bone resorption which is not unlike the mild bone loss recorded around natural teeth. 



2. The lnfiuence of Smokina on Wound Healing 

Wound healing is a highly organized process that is accomplished in an orderly 

progression of events. Cigarette smoking has been shown to adversely affect wound 

healing. The relationship between cigarette smoking and wound healing has been 

described in both the dental and medical literature. To date, most published reports 

have been based on retrospective clinical analyses; few prospective, controlled studies 

have been conducted, and only a small amount of controlled laboratory data is 

available. Nonetheless, clinical evidence suggests a clear tendency toward slower 

wound repair in smokers. Cigarette smoking has been shown to impair wound healing 

by affecting the circulatory and immune systems and by impairing normal cellular 

function. The objective of the following section is to review the available literature on 

the effect of smoking on wound healing. 

2.1 The effects of smoking on wound healing in the dental literature 

Smoking has been shown to impair the outwme of periodontal surgical therapy in the 

dental literature. Preber and Bergstrom (1990) found that postsurgical periodontal 

pocket depth reduction was significantly less in sniokers compared with non-smokers. 

In their study, 54 patients, 24 smokers and 30 non-srnokers were investigated. A 

modified Widman flap procedure was used on pockets of 4-6 mms. On reexamination 

12 months later, the reduction of pocket probings in srnokers was less than 1 mm as 

cornpared to reductions of approximately 1.25 mm in the groups of non-smokers. The 

difference was statistically significant (p<0.001) and persisted after accounting for 

plaque. Smoking has also been shown to compromise healing after mucogingival 

surgery (Millar, 1988), and the percentage of root coverage after soft tissue grafting 



procedures was decreased by smoking (Miller, 1987). Other studies have detailed the 

consistent positive association between smoking and periodontal attachment loss 

(Bergstrom 1989; Haber and Kent 1992; Homing et al., 1992; Haber et& 1993; Ah et 

al., 1994; Haber 1994.) Observation of 2417 adult out-patients, in whom 3451 

extractions were perfomed, showed that the srnokers were more likely to experience a 

painful socket as compared to the non-smokers (Meechan et al., 1988). In addition, 

post-operative socket filling with blood was significantly reduced in smokers, compared 

with non-smokers (p<0.05). Sweet and Butler (1979) reported a highly significant 

increase in the incidence of painful socket following the surgical removal of impacted 

teeth in srnokers compared ?O the non-smokers and suggested that this is likely due to 

the disturbance of the formation of the blood dot due to smoking. 

2.2 The effects of smoking on wound healing in the medical literature 

The medical literature has also reported the effects of smoking on wound healing. 

Animal experiments have shown an association between the number of necrotic skin 

flaps and the amount of nicotine inhaled (Kaufman et al., 1984; Lawrence et al, 1984). 

Mosely et al. (1978) demonstrated that nicotine and carbon rnonoxide impair wound 

contraction in the rabbit ear wound model. Sarin et al. (1974) showed that smoking of a 

single cigarette can reduce the velocity of blood flow to the fingers by more than 40.0% 

for periods of up to an hour. Siana et al. (1989) conducted a controlled study on 

surgical wound healing in 120 women who had undergone laparotomy sterîlization. The 

aim of their study was to determine if there was any difference in the skin healing of 

smokers as compared to non-smokers. Using a scoring system of a patient recorded 

questionnaire, the invesügators determined that cosmetic scar results were significantly 



poorer in 69 smokers than in 51 non-smoken. Scamng was judged to be unsatisfactory 

in 25% of the smokers compared with none of the non-smokers. 

Cornprornised wound healing is a particular concem in smokers undergoing plastic or 

reconstructive surgery. Skin flaps and skin graft survival depends on adequate blood 

supply and oxygenation. When a flap is moved from one part of the body to another, 

microvascular anastarnoses are constructed to reestablish the blood supply and keep 

the flap viable. Since flaps and grafts have been detached from their donor sites, a 

large amount of oxygen is required for skin survival. Thus, any event or condition which 

may result in inadequate oxygenation can impede adequate flap and graft survival. 

Flap survival could be decreased by the cutaneous vasoconstriction and increased 

platelet aggregation produced by smoking cigarettes. Lawrence et al. (1 984) conducted 

an animal study to assess flap survival in control and experimental rats that were 

subjected to intermittent smoke exposure. Average flap survival at seven days in 

control rats not exposed to cigarette smoke was 75.2%, while flap survival decreased to 

40.1% in rats intermittently exposed to cigarette smoke, a difference which was 

statistically significant (pcO.01). A retrospective study on the effect of cigarette smoking 

on skin flap survival in the face lift patient was conducted by Rees et al. (1 984). In their 

retrospective review of 1186 face lift procedures, the authors concluded that skin slough 

was significantly more likely to occur in smokers than in non-smokers. The results 

showed that 74% of skin sloughs were due to smoking and the risk of slough was 

calculated as being 7.5% in smokers versus 2.7% in non-srnokers. 



The majority of the clinical evidence on the effect of smoking on wound healing has 

been based primarily on soft tissue healing. However, there is also clinical evidence in 

the orthopaedic literature to suggest that smoking, among other factors, impairs bone 

healing (Haverstock and Mandracchia, 1998; Kwiatkowski et al., 1996; Perlman, 1999). 

In a retrospective study of 135 fractures, Kyro et al (1993) found that smoking was a 

significant risk factor for impairing fracture healing and that smokers had a significantly 

longer mean time to union of fractured segments. Furthenore, laboratory studies also 

indicate that exposure to nicotine increases the nsk of fracture non-union in long bones 

(Raikin et al., 1998) and delays the mineralization during the bone healing process of 

distraction osteogenesis (Ueng et al., 1999). In addition, Reibel et al. (1995) 

demonstrated that uniform dosages of nicotine in the rabbit rnodel decreases the 

vascular ingrowth into autogenous cancellous bone grafts. 

2.3 The effects of nicotine and carbon monoxide on circulation 

The documented effects of the toxic constituents of cigarette smoke, particularly 

nicotine, carbon monoxide and hydrogen cyanide suggest potential mechanisms by 

which smoking may undermine expeditious wound repair (Silverstein, 1 992). These 

toxic constituents have deleterious effects on tissues through various perturbations of 

the wmponents required for tissue healing. Cigarette smoke contains >4000 toxic 

constituents in either the gaseous or particulate phase. The gaseous phase mostly 

consists of carbon monoxide, carbon dioxide, hydrogen cyanide and nitrogen oxide and 

the particulate rnatter consists of tany and phenolic substances, nitrogenous bases, and 

volatile acids (Reus et al, 1984). Nicotine, one of the nitrogenous bases which 

comprises the particulate matter of cigarette smoke, is an odorless, colourleçs and 

poisonous alkaloid (Annitage and Turner, 1970). It is locally irritating, absorbed rapidly 



through the skin, has a very high acute toxicity and can produce death within minutes. 

An oral dose of 60 mg of nicotine is lethal to most adult humans. Chronic systemic 

toxicity is low in small dosages so that up to 280 mg of nicotine per day can be 

absorbed without acute harm (Cohen and Roe, 1981). 

When cigarette smoke is inhaled into the lungs, many of its toxic constituents including 

nicotine, are of a particulate size that can either directly poison the cilia or pass the ciiial 

barrier, undergo tissue absorption, enter the bloodstream and gain access to other parts 

of the body. Nicotine is absorbed to peak concentration at the end of smoking, followed 

by an initial fall in concentration during the next 15 to 20 minutes (Akef et al., 1992). 

Studies of cigarettes with radioactive labeled nicotine have established that less than 

30% of the inhaled smoke is absorbed in the oral cavity and the rernaining portion goes 

to the lungs (Feldman et al., 1983). With each cigarette smoked, approximately 2-3 mg 

of nicotine and 20-30 ml of carbon monoxide are inhaled (Sherwin & Gastwirth, 1990). 

Nicotine from cigarettes stimulates the sympathetic ganglia and adrenal medulla to 

release neruotransmitters, including epinephrine, norepinephrine and catecholamines, 

which results in transient vasoconstriction. The net outcorne is increased blood 

pressure, increased heart rate, increased respiratory rate and decreased skin 

temperature (Akef, 1992; Rivera-Hidalgo, 1986). 

Nicotine is the principal vasoactive component in tobacco smoke and when inhaled or 

injected, c m  liberate adrenal catecholamines and result in vasoconstriction and 

decreased tissue perfusion. The effects of cigarette smoking to determine whether 

smoking released the sympathetic neurotransmitter norepinephnne, as well as the 



adrenornedullary hormone, epinephrine, was studied by Cryer et al. (1976). It was 

dernonstrated that cigarette smoking was associated with a significant increase in the 

plasma concentration of norepinephnne and epinephrine. 

Reus et al. (1984) designed an experimental model to determine the acute effects of 

tobacco smoking on blood flow in the cutaneous micro-circulation. lntravital rnicroscopy 

was used to directly visualize the arteriolar intemal diameter in the nude mouse ear 

according to the method described by Eriksson et a1 (1980). Red blood cell velocity 

and volumetric fiow were calculated at baseline and after exposure of the animal to a 1 

litre combustion chamber in which a lighted, filterless cigarette was suspended. Their 

results demonstrated that arteriolar vasoconstriction and decreased blood flow were 

noted at the end of the exposure to cigarette smoke. Vessel interna1 diameter 

decreased to 92.9% of pre-smoking levels at the end of smoking and a net result of a 

12% decrease in blood flow relative to baseline at the end of smoking was observed. 

This study demonstrates that exposure to cigarette smoke leads to decreased vesse1 

diameter. 

Lawrence et al. (1 984) developed a rnodel which exposed experimental flaps performed 

on rats to smoke for intermittent periods of time in order to detemine the effect of 

smoke on flap survival. The experimental rats undenvent smoke exposure every 2 

hours for a total of five exposures a day for 7 days. During the last smoke exposure, 

carboxyhaernoglobin levels were obtained from representatives of both the control and 

experimental groups. Average flap survival at 7 days in control rats not exposed to 

cigarette smoke was 75.2% while fiap survival decreased to 40.1 % in rats intermittently 

exposed to cigarette smoke. The difference was statistically significant. Cigarette 



smoke contains 3% to 6% carbon monoxide which is bound to haemoglobin in the 

pulmonary capillaries to produce carboxyhaemoglobin. The afinity of carbon monoxide 

for hemoglobin binding is 200 times that of oxygen. Consequently, carbon monoxide 

competitively inhibits the binding of oxygen, decreasing the oxygen-carrying capacity of 

hemogiobin and reducing the amount of oxygen reaching the periphery. Elevated 

carboxyhaernoglobin levels limit the oxygen carrying capacity of blood. As 

carboxyhemoglobin levels rise in the bloodstream, the oxygen dissociation curve shifts 

to the left, thus making oxygen less able to dissociate from red blood cells and diffuse 

into the tissues. The decrease in the levels of oxygen available for tissue perfusion 

leads to cellular hypoxia and diminished wound healing. The mean 

carboxyhaemoglobin levels drawn from representative experimental rats during their 

last smoke exposure was 11.6%, whereas the mean level from representative control 

rats was 0.67%. The changes in carboxyhaemoglobin levels in the smoke-exposed rats 

were similar to those observed in human smokers. Thus, the increased levels of 

carboxyhemoglobin drawn from the experimental rats is likely detrimental to the wound 

healing involved in flap survival. 

The rnajority of the preceding studies were conducted in vitro and either directly infused 

nicotine into the subject or exposed the subject to cigarette smoke in combustion 

chambers. These studies produced in vitro nicotine levels which are not necessarily 

equivalent to the levels of nicotine achieved with standard consurnption of a cigarette. 

2.4 The effects of smoking on the immune system 

Smoking is detrimental to both the cellular and humoral immune system. 

Polymormphonuclear leukocytes (PMNs), which are the first line of defense in the 



inflammatory response, are recruited to sites of infiammation by chernotactic 

substances such as C3 and C5 of the complement system. PMNs comprise the 

granulocytic type of white blood cells. They are characterized by prominent cytoplasmic 

granules and a single, multilobed nucleus. There are three types of PMNs or 

granulocytes, neutrophils, eosinophils and basophils which are named according to the 

staining characteristiw of their specific granules (Wheater et ai., 1987). ihere are 

several indications that tobacco çmoke may interfere with PMN function. 

Eichel and Shahrick (1969) showed the motility and oxygen consumption of PMNs in 

the human oral cavity to be depressed in smokers compared with non-smokers. A 

standardized method of sampling the oral cavity before and after smoking was 

established which employed balance physiological rinse solutions. Equal amounts of 

dextran solution mixture (DSM) and Krebs-Ringer bicarbonate buffer (KRB) were 

combined and used as the harvesting medium. Chewing paraffin for 30 seconds in the 

presence of this physiological medium yielded oral fluid cell harvests that contained 

millions of functional inflammatory cells. A specific protocol of sample collection was 

followed (Eichel and Shahrick, 1969), whereby the function of PMNs with and without 

tobacco smoke exposure was analyzed. The functional activity of PMNs in 86 healthy 

adult smoken and non-smokers was photographically recorded immediately after 

tobacco smoke exposure. The results of this study indicated that tobacco smoke from 

puffing a single cigarette is toxic to and seriously impairs the function of human oral 

leukocytes. The authors concluded that such an effect is undesirable since cells of this 

type constitute an essential line of body defense. 



A study by Noble and Penny (1975) was conducted to test the effects of acute and 

chronic cigarette smoking on the leukocytes of 27 healthy young men: 14 srnokers and 

13 non-smokers. Leukocytes isolated from smoking and non-smoking men were tested 

for their ability to respond to a chemotactic stimulus. Statistical analysis revealed that 

leukocyte chemotaxis was depressed in smoking subjects when compared to the non- 

smo kers. 

Bridges et al. (1977) showed that PMN exposed to small amounts of tobacco smoke in 

vitro lose their ability to react to chemotactic stimuli. In another in vivo study 

investigating the effect of tobacco smoking on the functions of PMNs (Corberand et al., 

1979; 1980), eight tests investigating the function of circulating PMNs were perfonned in 

68 subjects, half of whorn smoked at least 20 cigarettes per day. The non-srnokers 

were also not particularly exposed to passive inhalation of cigarette smoke, or second 

hand smoke. Cornparison of the two groups allowed determination of the in vivo effect 

of tobacco smoke on the nonspecific defense systern of the body. The techniques used 

in the experiment tested different phases of the functional activity of human circulating 

blood PMNs: migration, ingestion of solid materials (phagocytic index), triggering of 

certain redox systems and oxygen consumption during phagocytosis. The results 

showed, after in vivo smoking of five wnsecutivs cigarettes, that migration inhibition 

was directly related to the effect of tobacco smoke, however, ingestion ability and 

oxygen consumption did no€ appear to be abnormal in smokers. 

Kenny et al. (1977) harvested PMNs from gingival crevices of eighteen srnokers and 

non-smokers by saline mouth nnses. The PMNs from both the wntrol and study 



populations were tested for their ability to phagocytize latex spheres and to exclude 

trypan blue. Tests were perfomed for smokers and non-smokers on three consecutive 

days, with identical procedures except that every participant smoked one cigarette on 

the second day irnmediately prior to cell collection. PMN harvested from the oral 

cavities of smokers were less vital as rneasured with the dye exclusion test and were 

less able to phagocytize particles on each experimental day. Smoking one cigarette 

immediately prior to cell collection resulted in a further decrease of these parameters for 

both smokers and non-smokers. 

Consequently, it is clear that several studies have shown that smoking seems to 

hamper PMN functions, namely chemotaxis and phagocytosis. If cigarette smoking 

impairs the phagocytic and chernotactic capabilities of PMNs, then the defensive 

actions of the initial response in bone healing after implant placement, namely the 

inflammatory phase, is decreased. This could conceivably have a detrimental effect on 

the healing mechanism involved in osseointegration. 

Smoking is also associated with an altered antibody response, decreased numbers of 

macrophages, altered T-lymphocyte proliferation and depressed numbers of T-helper 

lymphocytes. 

2.5 The cellular effects of smoking 

Smoking appears to alter or impair the function of fibroblasts. As with other tissue 

responses, normal fibroblast function is critical for optimal wound healing responses. 

Alteration in fibroblast function includes non-specific binding and intemalization of 



substances and alteration of cell metabolism, including collagen synthesis and protein 

secretion, al1 of which have implications for wound healing. 

Fibroblasts have been shown to non-specifically bind and rapidly internalize nicotine. 

Hanes et al. (1991) studied the binding, uptake and release of nicotine by human 

gingival fibroblasts. Gingival fibroblasts were obtained from biopsies of aduit 

periodontitis patients undergoing periodontal surgery. The fibroblasts were cultured by 

standard methods. Binding, uptake and release of nicotine by fibroblasts were 

determined using radiolabeled nicotine. The data indicated that cultured human gingival 

fibroblasts both bind and take up nicotine non-specifically at relatively rapid rates, 

resulting in relatively high intracellular levels. Unmetabolized nicotine is released back 

into the culture medium by the fibroblasts. The association of the nicotine with 

intracellular components seems to result in the developrnent of high intracellular levels 

of nicotine which may interfere with normal cellular functions such as collagen secretion. 

Nicotine binding by fibroblasts appears to result in alteration of cell metabolism, 

including collagen synthesis and protein secretion. Chamson et al. (1 982) studied the 

effects of tobacco srnoke on the production of collagen and noncollagen proteins by 

fibroblast cell cultures. Fibroblast cell cultures from adult human skin explants were 

used in the study and were exposed to aqueous tobacco smoke extracts resulting with a 

nicotine concentration of 35 nmol per milliliter of culture medium. The cells were 

exposed to the same concentration of extract throughout their life. The results indicated 

that following exposure to the tobacco smoke, the ratio of the collagen types released 

by the fibroblasts was modifïed and a decrease in collagen type III was observed. 



Furthemore, osteoblasts appear to be impaired by cigarette smoke. One of the 

products of cigarette smoke, the aryl hydrocarbons, inhibits bone formation and this 

inhibition appears to occur during the cellular proliferation and osteoblastic 

differentiation phases of bone formation (Singh, 1999). In addition, a study by Laroche 

et al. (1994) demonstrated that smoking rnay induce osteobiast depression either 

directly or via hormonal changes. 

Wound healing is a highly organized and intricate process that is accomplished in an 

orderly progression of events. The regenerative potential of a tissue is defined at the 

cellular level and an impediment at any facet of this intricate process will inevitably lead 

to prolonged or abnormal healing. It is generaily accepted that smoking impairs wound 

healing. It has been shown that crucial steps in the wound healing process are 

detrimentally affected by nicotine. The affected areas are the infiammatory phase, the 

proliferative phase and blood flow throughout the phases of the healing process. 

Smoking is also believed to impair wound healing by initiating vasoconstriction and 

decreased cutaneous blood flow, altering PMN and fibroblast function and impairing 

collagen and protein synthesis. It has also been implicated in inhibiting bone formation. 

Due to its detrimental effect on wound healing, it can therefore be deduced that smoking 

impairs the healing stage of osseointegration. Consequently, smoking may be 

implicated as a potential factor leading to unsuccessful osseointegration. 



c e n s i t v  

In addition to influencing wound healing, smoking has also been implicated in 

decreasing bone density, and therefore, smoking may also indirectly lower implant 

success rates by giving rise to poor quality bone. Jafin and Berman (1991) 

demonstrated that dental implants placed in bone of low density had a higher failure 

rate than those placed in higher density bone. Other studies have also suggested that 

implant failure is correlated to bone quality, since better results are generally achieved 

in sites of the mouth with dense bone (Friberg et al., 1991; Lekholm et al., 1994; Hutton 

et al., 1995; Roos et al., 1997). There have been several studies which have linked 

smoking to reduced bone minera1 density. In a study that evaluated more than 1200 

dental implants, Bain and Moy (1994) found twice as rnuch type IV bone in moderate 

and heavy smokers as compared to light and non-smokers. Various studies have 

demonstrated that cigarette smoking is a dsk factor for osteopenia (Hollenbach et al., 

1993; Nguyen, Kelly et al., 1994; Kiel, Zhang et al., 1996; Grisso, Kelsey et al., 1997; 

Franceschi, Schinella et al., 1996). An association between smoking and increased 

fracture risk has also been demonstrated (La Vecchia, Negri et al. 1991; Hollenbach et 

al., 1993; Grisso, Kelsey et al., 1997). Ortego-Centero et al. (1997) assessed the 

effects of smoking on bone mass in healthy male smokers. Bone mineral density 

(BMD) in 57 healthy males (26 non-smokers and 31 smokers) was measured by dual 

energy x-ray absorptiometry ( D W )  in the lumbar spine and proximal femur. 

Significant differences in BMD between heavy smokers (smoking more than 20 

cigarettes per day) and non-smokers in al1 skeletal sites measured was found, and the 

authors concluded that smoking is associated with decreased bone mass in healthy 

young males. In a similar cross sectional study (Egger et al., 1996), lumbar spine and 



femoral neck bone mineral density were measured by D M .  The study included 224 

male and 186 female subjects aged 61-73 years. After adjusting for potential 

confounding variables such as lifestyle, the results of the study showed that bone 

density was lower and statistically significant in the lumbar spine in both male and 

female smoken compared to non-smokers. Hooper and Seeman (1994) conducted a 

cross sectional study to ascertain whether a deficit in bone density is associated with 

tobacco use and, if so, to identify the responsible mechanisms. Forty-one pairs of 

female hnrins, 27 to 73 years of age, were included in the study. Women were excluded 

from the study if they had any condition which could result in bone loss. such as Paget's 

disease, renal, hepatic, gastrointestinal or thyroid disease, or if they had used 

corticosteroids, fluoride, vitamin D or any other drugs which could affect bone density. 

Bone density at the lumbar spine, femoral neck and midshaft was measured by dual- 

photon absorptiometry. The authors found that females who srnoke one pack of 

cigarettes each day throughout adult life will, by the time of menopause, have an 

average bone deficit of 510% in bone density. Thus, it would appear that long-terrn 

smoking predisposes individuals to poor bone quality. Other studies have also shown 

an association between tobacco smoking and bone density (Rundgren and Mellstrom, 

1984; Hollenbach et al., 1993). Thus, based on the preceding information, it would 

appear likely that smoking predisposes individuals to poor bone quality. 



4. I lan 

Recent studies have suggested that smoking may be associated with impaired wound 

healing at the implant site (Jones and Triplett, 1992), suboptimal peri-implant soft tissue 

health (Weyant, 1994) and increased peri-implant bone loss (Lindquist et al., 1997). 

Therefore, it is possible that the suboptimal healing response that can occur in a smoker 

decreases the possibility of successful osseointegration. To date, four studies have 

reported a greater incidence of implant failure among patients who smoke as compared 

to non-smoking patients (Bain and MOY, 1903; De Bruyn and Collaert, 1 994; Gorman et 

al., 1994; Lemons et al., 1997). While these studies implicate smoking as a significant 

factor in the failure of dental implants, it would be erroneous to assume that it is either 

the only or the most significant factor since confounding variables that could potentially 

contribute to implant failure must also be considered. Such rariables include gender, 

patient age, implant length, site and number, prosthetic design, occlusal loading, 

systemic health, jawbone quantity and quality as well as smoking behaviour. There is a 

lack of consistency among the studies reporting an association between implant failure 

and smoking habits. In fact, only two of the studies consider confounding variables 

such as implant location and implant length as part of their analysis (Bain and Moy, 

1993; De Bruyn and Collaert, 1994). In addition, the post-prosthesis insertion follow up 

üme was limited, and no study specifically looked at the diverse factors of the behaviour 

per se (i.e. quantity of cigarette consumption, duration of smoking years, whether the 

patient smoked durhg the initial healing phase). Therefore, research which accounts 

for the preceding variables would be useful in detenining the true effects of smoking on 

the survival of osseointegrated dental implants. 



Statement of Problem 

Normal wound healing following implant surgery is required for osseoinlegratior;. The 

host bed requires an adequate blood supply to deliver the necessary elements for 

wound repair and host defense. Cigarette smoking has been shown to impair wound 

healing, therefore. it may also impair osseointegration. Furthemore, cigarette smoking 

has been implicated in reduced bone density, possibly giving rise to poor quatity bone. 

Poor bone quality has been attributed to implant loss. Therefore, the following relevant 

questions must be posed: 

Does smoking behaviour affect the survival probabilities of endosseous dental 

implants pre and post loading? 

In particular, what is the effect of cigarette smoking on implant survival in relation to 

time of implant failure, gender, age, implant surgeon, date of implant placement, 

length of implant, implant diameter, site of implant placement, design of the 

prosthesis and occlusal loading considerations? 

Objective: 

To evaluate retrospectively the survival of Branemark endosseous dental implants in 

relation to cigarette smoking 

Hypotheses: 

a There is a greater incidence of early implant failures in patients who, at the time of 

implant surgery are smokers, as compared to non-smokers. 

A positive history of smoking decreases the survival probabilities of endosseous 

dental implants. 



Materials and Methods 

The population that comprised this retrospective study consisted of 464 consecutively 

treated patients at the Implant Prosthodontic Unit, Faculty of Dentistry, University of 

Toronto. These patients, who were completely or partially edentulous, were part of the 

study populations reported on in previous prospective studies (Zarb and Schmitt, 1996, 

Wyatt and Zarb, 1998). The sources of patients for the Implant Prosthodontic Unit are 

self-referrals, referrals from dentists and dental specialists in private practice and other 

clinics within the dental school. The selection of patients to be treated with implant 

supported prostheses was based on the inclusion and exclusion criteria listed in Tables 

2 and 3. Baseline demographic information was recorded for each patient. Cornplete 

medical and dental histories were also recorded and thorough clinical and radiographie 

examinations undertaken. The latter included periapical, panoramic, tornographic and 

cornputerized tomographic films as indicated. Patients were not accepted for implant 

treatment if they were unable to undergo a minor oral surgical procedure. 

A prosthodontist and an oral and maxillofacial surgeon independently assessed al1 

patients. Patients were presented with treatment options and were thoroughly informed 

about the nature of the procedure and its possible associated risks and discornforts 

prior to signing the consent. All patients undenvent two-stage implant surgery, 

performed according to the Branemark surgical protocol (Adell et al., 1981). Patients 

were assessed one week post operatively after each surgical stage. Information 

regarding implant length, diameter of the implant and location of implant placement was 

recorded. The anterior and posterÎor regions were differenüated into h o  zones. Zone I 

being at or anterior to a vertical line passing through the mental foramina, whereas 



Zone II is posterior to Zone 1. Implant supported prostheses consisted of implant 

suppcrted complete fixed (ISCF) and complete removable prostheses (ISCR) 

prostheses in edentulous patients; and implant supported partial fixed prostheses 

(ISPF) and implant supported single tooth prostheses (ISST) in partially edentulous 

patients. 

Patients were followed up at regular recall appointments following prosthesis insertion. 

Information documented at recalls inciuded: 

(i) Periapical radiographs; 

(ii) Signs and syrnptoms of pain or infection; 

(iii) Oral hygiene; and 

(iv) Evaluation of the prosthesis. 

In order to discriminate early (pre-loaded) from late (post-loaded) failures, al1 implants 

removed at or before abutment connection surgery or prior to insertion of the prosthesis 

were classified as early failures, while those occurring after prosthetic rehabilitation 

were classified as late failures. Therefore, early failures, which are essentially failures 

to establish osseointegration, occurred prior to functional occlusal loading and late 

failures, which are failures to mainfain established osseointegration, occurred after 

functional loading. An implant was considered a failure if it was removed due to clinical 

mobility, or if it had evidence of a peri-implant radiolucency andior persistent pain, 

discornfort, or infection that was attributable to the implant 



Determination of smoking status: 

During initial consultation, as part of their medical history, patients were asked whether 

they smoked or not. However, the responses were regarded as incomplete regarding 

the specifics of smoking history in this study's context. Therefore, inquiry into past or 

cuvent use of tobacco and amount of tobacco consumption was detennined by 

response to a specific questionnaire which was designed in 1998, and approved by the 

University of Toronto Ethics Review Board, for the purpose of this study (Figure 1). The 

questionnaire was mailed to al1 study patients with an enclosed self-addressed retum 

envelope. 

Acquisition of data: 

Patient's demographic information and information regarding implant surgeon, length 

and diarneter of implant, site of implant placement, prosthesis design an opposing 

dentition were compiled retrospectively. Fourteen surgeons placed the dental implants. 

There were eleven different implant lengths, ranging from 7.0mm to 20.0mm. Implant 

diameters included 3.3mm, 3.75mm, 4.0rnm and 5mm diameters. Each implant was 

recorded as being placed either in Zone one or two of the maxilla or mandible. As 

previously stated, the four types of prostheses included ISCF, ISCR, ISPF or ISST 

prostheses. The opposing dentition was classified as edentulous, partially edentulous 

or fixed. In addition, the dates of implant placement and abutrnent connection 

surgeries, prosthesis insertion date and date of last follow up were recorded. Eariy and 

late implant failures were identified. 



Sample size estimation 

The sample size estimation was determined according to the following formula: 

n= @a + zB)20(l -Q)  x2 
2 

za = critical point of the normal distribution, giving a significance level of a (here 
a=0.01, ~~2.58) 
zp = critical point of the normal distribution giving power of 1-P (P=0.10,2=1.28) 
p = expected proportion of M u r e  

= the expected difference between the failure rate between the smokers and non- 
smokers 

From a previous study conducted on 111 patients treated at the IPU (Habsha, 1998), 

we estimated an overall implant failure rate of 9% and the difference in implant failure 

between srnokers and non-smokers to be 12%. This was based on a failure rate of 

18% in the smokers and 6% in the non-smokers. Therefore, the sample size estimation 

results in a requirement of at least 169 implants in each population group (power of 90% 

and significance at the 1 % level). 

Composition of study groups based on smoking status: 

The aim of the first hypothesis is to test if there is a greater incidence of implant failures 

in patients who, at the time of implant surgery, are smokers, as compared to non- 

smokers. The study groups compared were classified as NS1 and SI. NSI were 

individuals who have never srnoked, or were previous smokers but had quit smoking 

prior to stage one surgery. S I  included individuals who were smoken at the time of 

implant surgery and continued to srnoke at least until after prosthesis insertion. The 



rationale for this allocation of patients was based on the aim of the first hypothesis 

which attempts to address the direct effect of cigarette smoking on the wound healing 

process which occurs immediately after implant placement. This allocation of patients is 

based on the suggestion that the effect of cigarette smoking on wound healing is 

reversible within one-two weeks prior to surgery (Bain and Moy, 1996; Riebel et al., 

1995; Haverstock and Mandracchia, 1998). Therefore, theoretically, anyone who quit 

smoking at least within one to two weeks of implant surgery would not possess the 

detrimental effects of smoking on wound healing. Conversely, anyone who was a 

smoker at the time of implant placement surgery, did potentially possess the detrimental 

effects of cigarette smoking on wound healing. 

othes~s 2 (H2); 

The airn of the second hypothesis is to test if a positive history of smoking decreases 

the suwival probabilities of endosseous dental implants. It is dificult to establish a 

positive smoking history. One should take into account the quantity of cigarettes 

consumed and the number of years during which they are wnsumed. For the purpose 

of this study, the study groups compared were classified as NS2 and S2. NS2 were 

individuals who had never smoked or smoked 125 cigarette years (cigyrs) untii stage II 

surgery. A cigarette year is the product of the amount of cigarettes smoked per day and 

the number of years smoked. Group S2 included individuals with a >25cigyrs smoking 

history. The rationale for this allocation of patients was based on the aim of the second 

hypothesis, which attempts to address the effect of a positive smoking history on dental 

implant survival. The assumption is that individuals with a positive smoking history have 

less dense bone than those with a negative or insignificant smoking history, thereby 



resulting in a higher rate of implant failures in the former group. Therefore, only 

individuals who had a significant cigarette smoking history of >25cigyrs constituted the 

smoking group (S2) while those who did not (never smoked or S25cigyrs history) 

constituted group NS2. Simply separating the groups on the basis of whether the 

patient had ever srnoked would be an inaccurate depiction of smoking history. It is 

rather uniikely for an occasional cigarette to have a negative effect on bone density. 

Rather, it was felt that a smoking history of 25cigyrs would be a reasonable cutoff point 

for smoking to have an effect on bone density. 



. . istical Methods 

Calculation of early and late implant failures 

Early and late implant failure rates were established according to the following 

variables: 

Gender 
A w  
Smoking status 
Implant length 
Implant diameter 
Implant surgeon 
Year of implant placement 
Site of implant placement 

Late implant failure rates were also established according to the following variables: 

Opposing dentition 
Prosthesis 

The individual effects of the preceding variables on implant survival and relative risk of 

implant failure were derived in a univariate analysis with the Proportional Hazard 

Regression (PH Reg) procedure of the SAS program package. The relative risk (RR) 

expresses the incidence of implant failure in the exposed group (with the exposure being 

the variable in question) relative to the incidence of failure in the non-exposed group. The 

higher risk group was always expressed in the numerator for the calculation of RR. A 

RR value of 1.0 indicates that there is no difference in implant failure between the 

exposed and non-exposed groups. The PH Reg procedure is based on the Kaplan- 

Meier life table method of survival curve development (Kalbfleish and Prentice, 1980). 

The entry point to the study was the date of stage one surgery and the exit point was 

the date of implant failure or the date of last follow-up. 



In order to control for the potential confounding effects of the preceding variables on the 

effect of smoking on implant survival, al1 the variables used in the univariate analysis 

were entered individuaily with smoking status in a bivariate survival analysis using the 

PH Reg method. Furthenore, al1 variables found to be significantly associated with 

implant failure in the bivariate analyses were combined in a rnultivariate analysis. Once 

again, the relative risk values were derived using the PH Reg procedure. 

The t-test procedure was used to compare continuous types of data, such as age, 

number of implants placed per patient and years of follow up. 

Calculation of failures on a patient basis 

The effect of smoking on implant failure was also analyzed on a patient basis. The chi- 

square method was used to analyze the data on a patient basis. The PH Reg method, 

which is based on a survival analysis, could not be used to analyze the data on a 

patient basis. This was due to the fact that it was impossible to assign a failure time to 

a patient. This was due to the fact that one particular patient could have several dates 

of implant failure. 

Statistical significance for al1 analyses was denoted when P~0.05 





Dble  2: Inclusion and exclusion criteria for pat . ients to be treated with complete 
. ~ l a n t  supported prostheses 

2. gave infonned consent and were 2. A history of substance abuse 

1 minor oral surgical procedure 1 
3. had proposed sites of edentulous jaw bones 3. Psychoses 

that could accommodate 10, 13 or 15 mm 

Branemark implants 

4. Realistic esthetic and functional 4. Insufficient bone quantity or comprornised 

expectations of the patient health of the edentulous site 

5. Unrealistic patient expectations of the 

1 treatment with respect to esthetics, cornfort 

and fundion 
_I 



Table 3: Inclusion and exclusion criteria for natients to be treated with fixed 

partial implant smor ted  orostheses 

1. Missing teeth (more than one tooth per 

edentulous space but less than al1 teeth per 

arch). 

2. The adjacent teeth are stnicturally sound 

and osthetically acceptable to the patient 

(natural and/or restored). 

3. Restored adjacent teeth prectude fixed 

partial prosthesis. 

4. Patient andor dinician's preference to not 

involve adjacent teeth in a fixed partial 

prosthesis. 

5. Maladaptive experience or refusal to wear a 

rernovable partial prosthesis. 

6. Adequate or modifiable bone dimensions for 

Branemark implant placement, 

7. Absence of vital anatomic stmctures in 

close proximity to the proposed implant 

sites. 

8. Adequate interarch space for implant 

surgical instrumentation. 

9. Adequate interarch space for abutrnents, 

prosthetic components and prosthesis. 

IO .  Adequate control of occlusal load 

distribution to implants and teeth. 

1 expectations of the patient. 

1. Inability to undergo a minor oral surgical 

procedure. 

2. A history of substance abuse. l 
3. Psychoses. 

4. Unrealistic patient expectations of the 

treatment with respect to esthetics, comfort 

and function. 1 
5. lnsufficient bone quality or compromised 

health of the edentulous site. 

6. lnsufficient bone dimensions for Branernark 

implant placement. 

7. lncomplete facial growth and eruption of 

adjacent teeth. 



A total of 1852 Branemark implants were placed in 464 consecutively treated patients 

frorn October 1979 to January 1999. The distribution of implants by year of placement 

is illustrated in figure 2. 

0 laure 2: Implant dtstnbution by vear of im~lant dacernent O .  

Number of Implants PCaced 



The study population consisted of 283 female patients and 181 male patients (Table 4 

and Figure 3). Their ages ranged from 15 to 84 years, with a mean age of 49.3 years 

(mean age 49.7 years for femaleç, 48.9 years for males). 

a . . .  iaure 3: Patient distribution in relatron to aender and gge 
. 
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The average number of implants piaced per patient was 4.0 (3.91 for the females and 

4.12 for the males). Of the 1852 implants, 1 1 O6 were placed in female patients and 746 

were placed in male patients (Table 5 and Figure 4). No significant difference between 

the mean ages of males and females or between the number of implants per patient 

placed in each group was found. 

able 5: lmnlant distribidion in relation to . aender and agg . . 

. . .  
e 4: lm~lant distribution in relation to aender and age . 



The average period between implant placement and abutment connection surgery was 

6.8 months. The average time between abutment connection surgery and prosthesis 

insertion was 4.6 months. The post-prosthesis insertion follow-up obsewation time 

ranged from one month to 230 months with a mean follow up of 59.8 months. Five 

hundred and eighty four prostheses, cornprising implant supported complete fixed and 

complete removable prostheses, implant supported fixed partial prostheses and implant 

supported single tooth prostheses were included (Table 6 and Figure 5). 

Table 6: Prosthesis distribution in relation to aender and aae . . 

1 0 . 0  laure 5: Prosthesis distribution in relation to aender and aag 
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Of the 464 questionnaires rnailed, 389 (84%) patients responded while 75 (16%) did 

not. Of the 75 non-respondents, 17 (4%) were deceased (Table 7). Patients who did 

not initially respond to the questionnaire were sent a second questionnaire and if no 

response was received with the second questionnaire, they were contacted by 

telephone. Every reasonable attempt was made to contact each patient. 

Table 7: n of patients and implants accordina to response to 

Of the 1852 implants placed between 1979 to 1999, 143 (7.72%) failed. Seventy eight 

(4.21%) of the implants failed prior to prosthesis insertion (early failures) while 65 

(3.66%) failed after prosthesis insertion (late failures) (Table 8 and Figure 6) 

Implants 1 % Response 

Yes 

No 

Oeceased 

Total 

Table 8: Chart: Distnbut~on of earlv and late implant failureg . * .  

Patients 1 % 

389 (a) 

58 (12) 

17 (4) 

464 

1 540 (83) 

246 (1 3) 

66 (4) 

1852 

Totar 
~laced 
1852 

ure / ?+Q 
65 / 3.66 

lmDlants 
Edhd!% 

78 / 421 

-- 
urei % 

143 / 7.7 



: D' Ei~ure 6 istti-IV and late implant failures 

Failure 2.5 early fallure 
Rate% 2 

= late failure 

Implant failure 

Therefore, of the 143 implant failures, 54.5% were early failures and 45.5% were late 

failures. 

Of the 1106 implants placed in the female patients, 77 (6.96%) failed and 66 (8.85%) of 

the 746 implants placed in males failed. There was no signifiant difference in implant 

failures between males and fernales. 



The results will be presented in two sections. Early implant failures will be presented in 

the first section and late implant failure will be presented in the second. Both 

hypotheses were tested in each section. 

1. PART 0 N E : Y  IMPLANT FAlLURe 

1.1 Univariate survival analysis for early implant failures: 

he effect of smokinggt the tirne of stage one suyerv on earlv implant failure (Hl) 

The distribution of patients was 285 individuals in group NS1 (non-smokers at stage one 

surgery) and 104 individuals in group S I  (smoken at stage one surgery). A total of 

1045 Mures were placed in group NSI and 494 in group S I  (Table 9). Of the 1045 

implants placed in the group NS1 , 32 (3.06%) were early failures, while of the 494 

implants placed in group S1, 26 (5.26%) failed early (Table 9). The analysis of early 

implant survival was found to be signifiant when groups NS1 and S i  were compared 

(p=0.034). The relative risk was 1.72. 

~iant  and earlv irn~Iant failure rate distribution Ïn Gro(IBS1 and NSI 

he effect of amtitv of cbrettes conswed per dav on earlv implant failur~ 

When considering cigarettes consumed per day, it was found that there was a direct 

relationship between the quantity of cigarettes consumed and early implant failure 

(Table 10). lndividuals who smoked S5 cigarettes per day had an early implant failure 

Early Implant 
Failure 1 % . 

26 (5.26) 
32 (3.0s) 

58 

Implants 1 % 

494 1 32.1 O 
1045 / 67.90 

1539 

Smoking Status 

Group S I  
Group NSI 
TOT& 

Patients 1 % 

104 1 26.74 
285 / 73.26 

389 



rate of 3.51%, those who smoked 6-14 cigarettes per day had an early implant failure 

rate of 4.82% and finally smokers of 215 cigarettes per day had an early implant failure 

rate of 5.65%. However, this difference was not found to be statistically significant 

(p=0.161). 

Tahle 70: halant and eariv imolant failure rate distribution in relation to the quantity of 
arettes consumed Der dav, - 

01s- 
O 

5 5  

When the non-smokers were combined with individuals who smoked 5 or less cigarettes 

per day and compared with individuals who smoked greater than 5 cigarettes per day, a 

Total 1- Piaced 1 % 

1 045 1 67.90 
57 / 3.70 

4 / 4.82 
20 / 5.65 

58 

6-1 4 
215 
Total 

significantly greater number of early failures occurred in the latter group (5.49%) than 

32 13.06 
2 1 3.51 

83 / 5.39 
354 / 23.00 

1539 

the former (3.09%), (P=0.025; Table 1 1 ). 

. . . 
ble 77: lmdant and eariv re rate d~stnbutmn !n rela n to the quan . . arettes consumed oer dav: combrnrna non-srnokers a a retteldav - -  smokers 

O and 5 5  1102171.60 34 1 3-09 
>5 437 / 28.40 24 1 5.49 

I 
- I - .  - 

Tata I 1 1539 1 58 1 

The effect of a nositive smok 3 .  ina historv on earlv implant failure (H2) 

Based on the second hypothesis, the distribution of patients was 197 individuals in 

group NS2 (non-smokers and individuals with a 125cigyrs history) and 192 individuals 



in group S2 (individuals with a 225cigyrs history). A total of 679 fixtures were placed in 

group NS2 and 860 in group S2 (Table 12). Of the 679 implants placed in group NS2, 

20 (2.95%) were early failures, whi!e of the 860 implants placed in group S2, 38 (4.42%) 

failed early (Table 12). Howevei, the analysis of early implant survival was not found to 

be significant when both groups were compared (p=0.151). 

Smoking Status Patients 1 % Implants 1 % Early Implant 
Failure 1 % 

Group S2 192 / 49.36 860 1 55.89 38 r 4.42 
Group NS2 197 / 50.64 679 1 44.1 1 20 / 2.95 
TOTAL 1 389 1539 58 b 

he effect of aender. age and implant diameter on earlv im~lant  survival 

The effects of gender, age and implant diameter on eariy implant failure did not reach 

significance. The implant and early implant failure distributions in relation to gender, 

age and implant diameter are shown in tables 13 (p=0.94), 14 (p=0.29) and 15 (p=0.65) 

respective1 y. 

ble 13: imdant and earlv lant failure rate distribution by oender 



Table 74: Implant and eadv implant failure rate disfnbution b~ sue 

Table 15: Irngtant and eariy im~lant fa1 ïwe rate d i s t w o n  bv implant d iame ter 

>75 

he effect of iniglant lenath on earlv implant failure 

TOTAL 1852 78 A 

36 11.94 

5 
Total 

The majority of implants (42.93%) placed were 10 mm in length followed by 13 mm 

(31.97%) and 15 mm (1 6.95%) (Table4 6). Implant length made significant difference on 

implant survival, where the early implant failure rate was greater for the shorter implants 

as compared to the longer implants (p=0.0001, RR=1.30). The interpretation for the RR 

value is that there is a 1.3 times greater early implant failure rate per Imm decrease in 

implant length. The same data were re-analyzed by grouping the short (510 mm) 

implants and the long ( > I O  mm) implants. The failure rate for the shorter implants was 

6.75% (581859) as compared to 2.01% (201973) for the longer implants (Table 17) 

(p=O.OOl ). 

O 1 0  

39 12.1 1 
1852 

1 / 2.56 
78 



bie 16: Implant lenath distribution 

7mm 8 mm 8.5 mm 10 mm 11.5 mm 12mm 13 mm 15 mm I l  mm 18 mm 20 mm Total 
28 1 35 795 16 6 592 314 1 56 8 1852 

1.51% 0.05% 1.89% 42.93% 0.86% 0.32% 31.97% 16.95% 0.05% 3.02% 0.43% 100% 

Table 7 7: Earlv im~lant failure rate for short K IOmrn) and ionq (> lOmml imdants 

) Implant length 1 Total Implants 1 Eddl Implant 1 

he effeçt of suraeon on earlv implant failure 

A total of 14 surgeons placed implants over a twenty year period, between 1979 and 

1999; with the majority of implants placed by surgeons 2, 3 and 4 (Table 18). The 

surgeons were grouped for the purpose of the analysis according to early implant failure 

rates. It was found that the surgeons in the high failure rate group (~8%; surgeons 11- 

14) had a 2.71 times greater early implant failure than the surgeons in the low failure 

rate group (18%; surgeons 1-10) (p=0.0001). The highest failure rates (>8%) were 

obtained by surgeons 11-14. 

Total 1852 
L 

78 



Table 78: lrn~lant and ea imglant failure rate d~sfnbut ion bv irnolant suraeon 
. . 

1 Total 1 1852 1 78 1 

The relation of vear of implant   lacer ne nt with earlv implant failure. 

The distribution of implants according to the year of implant placement is shown in 

Table 19. 

Table 79: lm~lant drstnbutmn by vear of implant placement . .  . 

The year of implant placement made signifiant difference on implant survival, where 

L 

the eariy implant failure rate was greater for the implants placed in the earlier years as 

L 

h 

compared to the later years (p=0.001, RR=1 . IO). The interpretation for the RR value is 

Year of 
Ptacement 

Implants 
% 

that there is a 1.10 times greater eady implant failure rate for every year eariier than 

1982 

62 
3.3 

1994 

127 
6.9 

1999. When the years of implant placement were separated into three groups (1979- 

1979 

18 
1.0 

1983 

87 
4.7 

1992 

118 
6.4 

Yearof 
Placement 

Implants 
% 

19û4 

27 
1.5 

1995 

172 
9.3 

1993 

107 
5.8 

1990 

56 
3.0 

1979- 
1989 
666 

1985 

79 
4.3 

1986 

98 
5.3 

1900 

St 
2.8 

1991 

147 
7.9 

1981 

56 
_ 3.0 

1996 

137 
7.4 

Total 

666 

1987 

75 
4.0 

1997 

148 
8.0 

1988 

52 
- 2.8 

1999 

9 
0.5 

1998 

1658. 
9 

1989 

61 
3.3 

Total 

1852 



1985, 1986-1 992, 1993-1 999) and the data re-analyzed, a significantly higher early 

implant failure rate was found in the eariier years compared to the later years. There 

was a significantly higher percentage (p=0.001) of early implant failures in the earliest 

year group (7.1 1 %) compared to the later ones (4.78% and 2.54%). The distribution of 

implants and early failures is shown in Table 20: 

Year of implant 
placement 

1979-1 985 

he effect of site of i m p l ~ l a c e m e n t  on earl i-ant f- 

I I 

The distribution of implants and percentage of implant failures in Zones 1 and 2 of the 

T o @ L @ I I ~  
Placed 1 !D/e) 
380 1 20.52 

Total I 1852 

maxilla and mandible is shown in Table 21. Analysis of the differsnt regions of the 

B r I v  1- 
ure 1 f%l 

27 17.11 

78 

mouth revealed that early failure rates were highest in the anterior maxilla (5.98%) and 

lowest in the posterior mandible (1 -44%). 

1 

. .  . 
ble 21: lm~ianf and eadv iwlant fa rate dtstrrbufron bv dant dacement 

Zone 1 Maxilla 

Zone 2 Maxilla 

Site-- 
aced / 

468 1 25.27 

Zone 1 Mandible 

ures 1 O/p 
28 / 5.98 

158 1 8.53 

Zone 2 Mandible 

4 1 2.53 

948 151.19 

TOTAL 

42 1 4.43 

278 1 15.01 4 11.44 

1852 78 



When early implant failure in Zone 1 of the maxilla and mandible were combined (Table 

22), a significantly higher eady implant failure rate (4.94%) was found as compared to 

the combination of zone 2 maxilla and mandible (1.83%) (p=0.0082, RR=2.68). The 

interpretation for the RR value is that there is a 2.68 times greater early implant failure 

rate in Zones I of the maxilla and mandible as compared to Zones 2. 

ble 22: lmolant and ea@ implant failure rate drstnbufion acco a t o n e s  One and Two B . .  

Zone one Maxilla 
and Mandible 

Zone two Maxilla 

The distribution of al1 the maxillary and mandibular implants and early implant failures in 

Site_of-- 
aced / % 

141 6 / 76.46 

and Mandible 
TOTAL 

the entire maxilla and rnandible is shown in Table 23. There was a greater implant 

ailures / % 
70 1 4.94 

436 / 23.54 

failure rate in the maxilla (5.1 1%) compared to the mandible (3.75%), however, this 

8 11.83 

1852 

difference was not statisticaliy significant (p=0.23). 

78 

A 

S I %  
32 / 5.1 1 
46 / 3.75 

78 

Maxilla 
Mandible 

TOTAL 

S i t e u t d l a m m -  
ed/% 

626 / 33.8 
1226 1 66.2 

1852 



1.2 BIVARIATE SURVIVAL ANALYSIS FOR EARLY IMPLANT FAILURES 

Smokina at the time of staae one surgerv IH1) 

Smoking at the time of stage one surgery was significantly associated with early implant 

survival when analyzed with al1 of the variables it was combined with in individual 

bivariate survival analyses (Table 24). The variables that smoking status was combined 

with are listed below: 

Gender 
Age 
Implant length 
lmplant diarneter 
Implant surgeon 
Year of implant placement 
Site of implant placement 

The relative risk for smoking in the presence of the listed variables and the relative risk 

of the other variables in the bivariate equation is shown in Table 24: 

. . ble 34: Results of Bwanate su lant faiiures acco 

Gender 

Length of implant 

Diarneter of implant 
- 

Surgeon 

Year of implant placement 

Site of implant placement 

P smoking 

0.04 

RR smoking 1 P variable 1 RR variable 

The RR smoking value indicates how many times larger the risk of early implant failure 

is for a srnoker, regardtess of the value of the other variable. For example, early implant 

failure is 1.76 times higher for smokers regardless of whether the individual is a male or 

a female. 



mokina historv (Ha); 

A positive smoking history was not significantly associated with early implant survival 

when analyzed with al1 of the variables it was combined with in individual bivariate 

survival analyses (Table 25). The variables that smoking history was combined with are 

listed below: 

Gender 
Age 
Implant length 
Implant diameter 
Implant surgeon 
year of implant placement 
Site of implant placement 

The relative risk for smoking in the presence of the listed variables and the relative risk 

of the other variables in the bivariate equation is shown in Table 25: 

le 75: Results of bivariate survival analvsis for ea- implmt failures acconlino tu Hz 

Variable 1 P smoking ( RR smoking 1 P variable 1 RR variable 

Gender 1 0.14 1 1.51 1 0.72 1 1.10 

1 I 1 

Length of implant 

Diarneter of implant 

0.13 1 1.52 1 0.0001 1 1.31 

Surgeon 

0.1 5 

I I I 

Therefore, a positive smoking history was not significantly associated with early implant 

survival when analyzed with the preceding variables in bivariate survival analyses. 

0.12 

Year af implant placement 1 0.09 

Site of implant placement 
(maxilia vs. mandible) 

1.48 

1 53 

1.60 1 0.001 

0.17 

0.82 

1 .O8 

1 .O0 

0.001 

1.46 

2.61 

0.02 1.78 



1.3 MULTIVARIATE SURVNAL ANALYSlS FOR EARLY IMPLANT FAILURB 

okina at the t~me of s t a ~ e  one sucgerv (Hl) s 

Smoking at the time of stage one surgery was significantly associated with early implant 

survival (p=0.04, RW1.70) when combined with the following significant variables from 

the bivariate survival analyses (Table 26): 

Implant length 
Implant surgeon 
year of implant placement 
Site of implant placement 

I Variable ( P value Relative rlsk l I 
L 

Smoking 

Implant Length 

0.04 

Implant Surgeon 

1.70 

0.001 

Both implant surgeon and year of implant placement were not significantly associated 

0.75 

0.80 

1 .O5 
T 

Year of implant placement 

Site of implant placement 
(maxilla vs. mandible) 

with early implant failure in the multivariate analysis. It was interesthg to note that the 

1 A2 

0.1 6 

relative n'sk value for implant surgeon indicated a 1.12 times greater risk of early implant 

0.003 

failure for the low implant failure rate surgeon group cornpared to the high implant 

0.42 

failure group. 

All variables found to be significantly associated with early implant failure in the 

multivariate analysis (smoking status, length of implant and site of implant placement) 



were combined in a second multivariate analysis (Table 27). All factors remained to be 

significantly associated with early implant failure (Table 27). 

ble 27: Results of the multrvanate suwival ana 
. . lvsis for eady imokn t fa . . 

ilure combrnmq 
o status. imnlant lenath and site nf itnolant dacement 

Variable 1 P value 1 Relative risk 
I 

Smoking i 

Therefore, smoking status, length of dental implant and site of implant placement were 

al1 significantly associated with early implant failure. 

0.76 
I 

Site of implant placement 
(rnaxilla vs. mandible) 

mokina histow (H 7): 

Since a positive smoking history was not found to be significantly associated with early 

implant failure in the bivariate survival analyses (Table 25) it remained so in the 

multivariate survival analysis (p>0.05). 

Length of Implant 0.001 

0.03 0.56 



2. PART TWO: U T €  I M P U N T U R E S  

Univariate survival analvsis for late im~lant failures; 

In order to discriminate early (pre loaded) from late (post loaded) failures, al1 implants 

removed at or before second stage surgery or prior to insertion of the prosthesis were 

classified as early failures, while those occurring after pmsthetic rehabilitation were 

classified as late failures. Of the 1852 implants placed, seventy-eight (4.2%) of the 

implants failed prior to prosthesis insertion (early failures). These seventy-eig ht early 

failures were removed for the analysis of the late implant failure part of the study. 

Therefore, a total of 1774 implants remained after prosthesis insertion. Among these 

implants, 65 (3.66%) failed. Late failure rates will be based on this total of 1774 

surviving implants. 

he effect of smoking at the üme of stage one suraerv on late irn~lant failure !Hl) 

As previously stated, the distribution of patients was 285 individuals in Group NS1 with 

1045 implants and 104 individuals in Group S I  with 494 implants. After accounting for 

the 58 early failures, a total of 1481 implants remained with 1013 fixtures remaining in 

the group NSI and 468 in group S I  (Table 28). Of the implants remaining in the group 

NSI, 35 (3.46%) failed, while 10 (2.14%) of the remaining implants in Group S1 failed 

(Table 28). The analysis of late implant survival was not significant when the two 

groups were compared (p=0.17). 



ble 38; Total dants daced. I . .  . inplants remainina and iate imdant failure rate 
tnbution of Grou~s Sland NS1 

he effect of quanti@ of ciaarettes consumed per dav on late implant failure 

The distribution of implants and late implant failures with respect to the quantity of 

cigarettes consumed per day is shown in Table 29. There was no statistically significant 

difference found in relation to the quantity of cigarettes consumed per day ( ~ 4 . 5 4 ) .  

This did not change even after the non-smokers were combined with individuals who 

smoked 5 or less cigarettes per day and compared with those who smoked greater than 

5 cigarettes per day. 

Smoking Status 

Group Si  
Group NSi 
TOTAL 

he effect of a positive smokinghistory on late implant fdlure (H2) m .  

As previously stated, the distribution of patients and implants was 679 implants placed 

in 197 individuals in Group NS2 and 860 implants in 192 patients in Group S2. After 

accounüng for the 58 eariy failures, a total of 1481 implants remained with 659 fixtures 

remaining in group NS2 and 822 in group S2 (Table 30). Of the implants remaining in 

n2hlbhm 
aced 1 

494 / 32.1 O 
1045 / 67.90 

1539 

0 
15 

6-1 4 
215 
Total 

jIu2hlS 
remainina 1 % 

468 131 -61 
1013 1 68.43 

1481 

1045 / 67.90 
57 / 3.70 

83 / 5.39 
354 1 23.00 

1539 

Latelrnlllant 
ailures / 
10 12-14 
35 1 3.46 

45 

1013 / 68.40 
55 1 3.71 

79 I 5.33 
334 / 22.55 

1481 

35 / 3.46 
1 11.82 
1/1-27 
8 / 2.40 

45 



group NS2, 13 (1 -98%) failed, while 32 (3.90%) of the remaining implants in group S2 

failed (Table 30). The analysis of late implant survival was found to be significant when 

groups NS2 and S2 were compared (p=0.035). The relative risk was 2.0 

ble 30: Implants placeif plants remainina and late implant failure rate distribution 
Groum S2 and NS2 

Smoking Status 1 Total implants 1 1 M e  Implant 1 

The effect of aender on late implant survival 

Of the 715 surviving implants in the males, 35 (4.89%) were late failures, while of the 

1059 surviving implants in the females, 30 (2.83%) were late failures (Table 31). The 

analysis of late implant survival was found to be significant when males and females 

were compared (p=0.01, RR=1.94). 

Table 31: lmglants placed. implants remamno and M e  1 
.. . inplant faiîwe rate drstnbutron . ,  . - 

he effect of aae and implant diameter on late implant suwival 

The effects of age and implant diameter on early implant survival did not reach 

significance (p=0.94 and 0.14 respectively). The implant and early implant failure 

distributions in relation to age and implant diameter are shown in tables 32 and 33. 

E a l u M m  
ailues 1 % 
35/ 4.89 
30 1 2.83 

65 

- 
r e ~ ~  a 

71 5 140.30 
1059 1 59.70 

1774 

Male 
Female 
TOTAL 

G e n d e r T o t a l  

746 140.28 
1 106 1 59.72 

1852 



ble 32: Imdants ~iaced, ~lants remainina and late imdant failure rate drstnbutr . . 'on 
Brêse 

ble 33: Im~lants daceci. im~lants rernarn~na and late . . 
ilure rate distribution 

bv implant diameter 

66-75 
>75 

TOTAL 

he effect of implant lenath on late irtlglânt failure 

The distribution of implants remaining after accounting for early implant failures is 

shown in Table 34. The effect of implant length on implant sun/ival was significant, 

where the late implant failure rate was greater for the shorter implants as compared to 

the longer implants (p=0.004, RR=2.04). Once again, the interpretation for the RR 

value is that there is a 2.04 times greater late implant failure rate per Imm decrease in 

implant length. The same data were re-analyzed for the short (SI0 mm) implants and 

the long (>IO mm) implants and it was found that the late implant failure rate for the 

shorter implants was 5.74% as compared to 1.95% for the longer implants (Table 35) 

(p=0.004). 

224 1 12.70 
36 11.94 

1852 

5 
Total 

218 112.29 
36 ! 2.03 

1774 

39 12.11 
1852 

8 / 3.67 
2 1 5.56 

65 

38 1 5.26 1 2 1 5.26 
1774 65 



bie 34: im~lants remainina lenath drstnbut~on 
. . 

'?mm 8mm 8.5rnm fOmm 11.5mm 12 13 15mm 17 18 20 Total 
mm mm mm mm mm 

26 1 35 739 15 6 !37 31 1 1 55 8 1774 
1.47% 0.06% 1.97% 41.66% 0.85% 0.34% 32.53 17.53% 0.06% 3.10% 0.43% 100% 

ble 35: lmnlants placed. Implants remamna and late imdant fa1 
. . 'lure rate for short 

L I  1 h m )  and lona (> 7 Ornrn) im~lants 

Implant Iength Jotal lwlants Implants ~ A ! ! B ! B ~  
remainina 1 % Failiure 1 !/a1 O 

'10 mm 859 / 46.38 801 145.15 46 1 5.74 

The effect of surgeon on earlv implant failure 

The effect of implant surgeon on late implant failures was not significant (p0.16). The 

late failure rates are shown in Table 36. 

Total 

. . . .  . 
bie 36: imdants olaced. lants remarnrna and late lant faï l~r~!  rate dlstnbutlorl 

v rmoiant sumeon 

1852 1774 65 



he relation of vear of implant   lace ment with earlv implant failure, 

The distribution of implants according to the year of implant placement is shown in 

Table 19. The year of implant placement was not significantly associated with late 

implant failure. When the years of implant placement were separated into three groups 

(1 979-1 985, 1986-1 992, 1993-1 999) and the data re-analyzed, there was no significant 

effect of year of implant placement on late implant failures (p=0.29). The distribution of 

remaining implants and late failures is shown in Table 37. 

. . ble3 7: imlants nlaced, olants rema~nma and late nt faijure rate drstnbut . . ion bv - 

he effect of site of implant placement on late implant failure 

The distribution of implants and percentage of late implant failures in Zones 1 and 2 of 

the maxilla and mandible is shown in Table 38. Analysis of the different regions of the 

mouth revealed that late failure rates were highest in the anterior maxilla and lowest in 

the posterior rnaxilla. 

Year of implant 
placement 

1979-1 985 

1986-1 992 

1993-1 999 

Total 

Total 1- 
Placed I (O/el 
380 1 20.52 

607 1 32.78 

865 1 46.71 

3852 

lmDlants 
remainina / O/p 

353 1 19.90 

578 1 32.58 

843 147.52 

1774 

klkhum 
allure / l o b  
t 4 1 3.97 

28 1 4.84 

23 1 2.73 

65 



ble 38: lm~lalants. imlants remaining and late dant failure rate distribution bv site of 
m l a n t  placement 

1 1 1 

Zone 1 Mandible 1 948 151.19 1 906 151 .O7 1 25 / 2.76 

Zone 2 Maxilla 158 / 8.53 

I l 1 

When late implant failure in zone 1 of the maxilla and mandible were combined, a 

higher late implant failure rate (4.16%) was found as compared to the combination of 

zones 2 of the maxilla and mandible (2.10%). However, this difference was not 

statistically significant (p=0.12, Table 39). 

Zone 2 Mandible 

TOTAL 

. 
ble 39: Imolants. ~ l a n t s  remamna and late re rate distribution bv Zones - - 

1 54 / 8.68 2 / 1.30 

278 1 15.01 

1852 

274 / 15.45 1 7 1  2-55 

--Total 

Zone one Maxilla 
and Mandible 

Zone two Maxilla 

There was a significantly higher failure rate in the maxilla (5.56%) compared to the 

mandible (2.71%; p=0.007, RR=1.96; Table 40). The interpretation for the RR value is 

that there is a 1.96 times greater late implant failure rate in the maxilla compared to the 

mandible. 

1774 

and Mandible 
, TOTAL 1852 1774 65 

65 

aced 1 O/Q 

141 6 1 76.46 

436 / 23.54 

h 

lIIulam lakhnma 
ailyres 1 % 

1346 / 75.87 

428 / 24.1 3 

56 / 4.76 

9 / 2.10 



Table 40: im~lants. implants rerna~nmu and late implant failure rate dlstnbution bv maxr 
. . . .  . */la 

and mandibie 

Site- 

Maxil la 
Mandi ble 

TOTAL 

aced i O/R 

626 1 33.8 
1226 166.2 

1852 

lmQ!am 
rern&ina I % 

594 1 33.48 
11 80 1 66.52 

1774 

E a L u a m  
Failures 1 "/n 

33 1 5.56 
32 1 2-71 

65 



he effect of acclusal load on late implant failure 

The effect of occlusal load was considered according to the type of prosthesis opposing 

the implant. The opposing dentition was edentulous, partially edentulous or dentate. 

The distribution of implants opposed by an edentulous, partially edentulous or dentate 

arch is shown in Table 41. Implants opposed by partially edentulous arches had the 

greatest failure rate (7.37%), followed by those opposed by edentulous arches (3.35%) 

and those opposed by dentate arches (2.59%). This difference was significant (p=0.01). 

Edentulous 

The effect of prosthesis desian on late i-t failure 

Partially edentulous 

Dentate 

TOTAL 

The effect of prosthesis design was considered according to the type of prosthesis 

supported by the implant(s). The prosthesis design consisted of implant supported 

complete fixed (ISCF) and complete rernovable (ISCR) prostheses, implant supported 

partial fixed (ISPF) prostheses and implant supported single tooth (ISST) prostheses. 

The distribution of implants supporting the four different prostheses is shown in Table 

42. Implants supporthg complete rernovable prostheses had the greatest failure rate 

(8.76%), followed by those supporting partial fixed prostheses (2.53%), followed by 

Placed 1 % 
747 1 40.33 

300 1 16.20 

805 / 43.47 

1852 

71 6 140.36 24 / 3.35 

285 116.07 

773 / 43.57 

1774 

21 17-37 

20 1 2.59 

65 



those supporting complete fixed prostheses (2.29%) and finally, single tooth prostheses 

(1.1 1 %). This difference was significant (p=O.OOl ). 

grosthesis desian 

Eaulutes I % 
20 / 2.29 ISCF 

ISST 

TOTAL 

- I m n l a n t s . -  . . 
remainina 1 % 

8741 49.38 

90 1 5.08 

f770 

11 1.11 

62 



2 BIVARIATE SURVIVAL ANALYSE FOR LATE IMPLANT FAILURES 

mokina at the tirne of staae - one suraenr - - .  IH 1) 

Smoking at the tirne of stage one surgery was not significantly associated with late 

implant survival when analyzed with ali of the variables it was combined with in 

individual bivariate survival analyses (Table 43). The variables that smoking was 

combined with are listed below: 

Gender 
Age 
Implant length 
Implant diameter 
Implant surgeon 
year of implant placement 
Site of implant placement 
Opposing dentition 
Prosthesis 

The relative dsk for smoking in the presence of the listed variables and the relative dsk 

of the other variables in the bivariate equation is shown in Table 43: 

. . 
bie 43: Resuits of b~vanate su 

Variable 1 P smoking 1 RR smoking 1 P variable 1 RR variable 
1 1 I 

Gender l 0.098 1 1.82 l 0.072 I 1.72 

Length of implant 
L 1 

0.1 8 

Diameter of implant 1 1.67 I 1.61 

Surgeon 

Year of implant placement 

1 1 1 1 

Opposing dentition 0.13 1 1 -73 1 0.001 1 3.32 1 

0.60 I 1 .O0 

Site of implant placement 
(maxilla vs. rnandible) 

I 
0.1 7 

0.1 5 

1.14 
1 

0.1 3 

1.61 

t -63 

1 -68 

0.058 

1.72 

0.041 

0 .O26 

1.26 
- 

1 .O8 

O .O04 2.39 



mokina historv (H21; 

A positive smoking history was significantly associated with late implant survival when 

analyzed with al1 of the variables it was combined with in individual bivariate survival 

analyses except for gender and opposing dentition (Table 44). The variables that 

smoking status was combined with are listed below: 

Gender 
Age 
Implant length 
Implant diameter 
Implant surgeon 
year of implant placement 
Site of implant placement 
Opposing dentition 
Prosthesis design 

The relative risk for smoking in the presence of the listed variables and the relative risk 

of the other variables in the bivariate equation is shown in Table 44. 

. . 
ble 44: Results of bwanate s 1 analvsis for late dant failures accordrna to HZ 

Variable 

Gender 

Length of implant 

Once again, the RR smoking value indicates how many times larger the risk of late 

implant failure is for a smoker, regardless of the value of the other variable. For 

RR smoking 

1.88 

P smoking 

0.06 

Diameter of implant 

Surgeon 

Year of implant placement 

Site of implant placement 
(maxilla vs. mandible) 
Opposing dentition 

Prosthesis design 

0.03 

P variable 

0.24 

O .O3 

0.04 

0.05 

0.04 

0.06 

0.03 

RR variable 

1.43 

2.01 

2 .O0 

1.95 

1.88 

1.94 

1.84 

2.06 

0.05 1.15 

0.54 

0.04 

0.04 

0.01 

0.64 

0.61 

1 .O0 

1.26 

1 .O7 

2.23 

3.01 

0.29 



example, late implant failure is 2.03 times higher for smokers regardiess of the age of 

the individual. 



ULTlVARlATE SURVIVAL ANALYSIS FOR LATE IMPLANT FAILURES 

rnokina at the time of stage one suraery (Hl) 

Since smoking at the time of stage one surgery was not found to be significantly 

associated with late implant failure in the bivariate survival analyses (Table 43), it 

remained so in the rnultivariate survival analysis (p>0.05). 



Positive smokina history (HZ) 

A positive smoking history was significantly associated with late implant su~ival  

(p=0.05, RR=1.87) when combined with the following significant variables from the 

bivariate survival analyses (Table 45): 

Implant length 
Implant surgeon 
Year of implant placement 
Site of implant placement 

Table 45: Results of the multivariate sun~ival analvsis for late impiant fa . . ilure combinrng 
a status. imdant lenath. imdant suraeon. - vear of irndant dacement and site of 

implant placement 
-- 

Variable 1-P value 1 Relative rlsk 

Smoking 

Length of Implant 

O .O5 

Surgeon 

1.87 

0.008 

Year of implant placement 

All variables found to be significantiy associated with late implant failure in the 

preceding multivariate analysis (smoking history, length of implant and site of implant 

placement) were combined in a second multivariate analysis. (Table 46). Once again, a 

positive smoking history was found to be significantly associated with late implant failure 

(p=0.05, RR=1.91). 

1.20 

0.08 

Site of implant placement 
(maxilla vs. mandible) 

1.26 

0.54 1 .O2 

0.03 1.92 



ble 46: Results of the mult ivaHate suwr *val anaws for late implant failure cornbininq 

-- r -Variab'* 
1 P value 1 Relative risk I 

1.91 
I 

C 

Length of Implant 

Smoking 

Site of implant placement 

0.05 

0.03 1.16 
L 

(rnaxilla vs. mandible) i b 

0.004 2.38 



IS 

3.1 Overall implant failures on a patient basis 

okers at the time of staae one suraew (Hl!: 

The distribution of overall implant failures on a patient basis in groups S I  and NS7 is 

shown in Table 47. 

Table 47: Dlstnbut . . 
ion of overall implant failures on a patient basis in uror~ps S7 and NS7 

1 Smoking Status 1 Patients / % 1 Number of patients with 1 

1 TOTAL 1 389 1 62 1 

Group S I  
&OUD NSI 

Therefore, of the 389 patients who responded to the questionnaire, 62 had one or more 

implant failures. Of the 104 patients in group SI, 24 (23.08%) had one or more implant 

failure. This is significantly greater than the 13.33% of patients with failed implants in 

group NS1 (p=0.020). The relative risk value was 1.73. 

Individuals with a ?osltive smokina histow ! H a  
. 

The distribution of overall implant failures on a patient basis in groups S2 and NS2 is 

shown in Table 48. 

1 implant failures 1 % 

. .  . . . 
ble 48: Dstnbution of overall s on a patient basrs rn amps S2 and NS2 

1 04 1 26.74 
285 / 73.26 

1 Smoking Status 1 Patients 1 Oh 1 Number of patients with 1 

24 (23.08) 
38 (13.33) 

Group S2 
, Group NS2 
TOTAL 

1 92 1 49.36 
197 1 50.64 

389 

implant failures I % 
41 (21.35) 
21 (10.66) 

62 



Of the 192 patients in group S2, 41 (21.35%) had one or more implant failure. This is 

significantly greater than the 10.66% of patients with failed implants in group NS2 

(p=0.004). The relative risk was 2.00 

3.2 Earlv imglant failures on a patient basis 

Smokers at the time of staae one suraery [Hl); 

The distribution of early implant failures on a patient basis in groups S1 and NS1 is 

shown in Table 49. 

. .  . . . 
ble 49: Distnbutmn of wrlv w i a n t  failures on a mtient basrs in uroum S7 and NS7 

Therefore, 42 patients had one or more early implant failures. Of the 104 patients in 

group SI,  18 (17.31 %) had one or more early implant failure. This is significantly 

greater than the 8.42% of patients with a failed implant in group NS1 (p=0.012). The 

relative risk was 2.05. 

Smoking Status 

Group S I  
Group NSI 
TOTAL 

with a ~ositive smoking histo 

The distribution of eariy implant failures on a patient basis in groups S2 and NS2 is 

shown in Table 50. 

Patients 1 % 

1 04 / 26.74 
285 / 73.26 

389 

Number of patients with 
early implant failures 1 % 

18 (17.31) 
24 (8.42) 

42 



Table 50 
. .. : Disfnbutm of eariy implant failores on a patient basis rn arouas S2 and NSZ . . 

) Smoking Status 1 Patients / Oh 1 Number of patients with / 

Of the 192 patients in group S2. 27 (14.06%) had one or more early implant failure. 

Group S2 
Group NS2 
TOTAL 

This is significantly greater than the 7.61% of patients with an early failed implant in 

group NS2 (p=0.04). The relative risk value was 1.85. 

192 / 49.36 
197 1 50.64 

389 

3.3 Late iniplant failures on a patient basis 

okers at the time of staae one surgerv 1m 
The distribution of late implant failures on a patient basis in groups S I  and NS1 is 

shown in Table 51. 

early implant failures / % 
27 (14.06) 
15 (7.61) 

42 

. .  . .. . ble 51: Dlstnbution of late nt basrs !n arouns S7 and NS? 

Therefore, 29 patients had one or more late implant failures. Of the 104 patients in 

group S I ,  8 (7.77%) had one or more late implant failure whereas 7.37% of the NSI 

group had late implant failures. This difference between the Mo groups did not reach 

significance (p=0.895). 

b 

Group NS'I 
TOTAL 

Number of patients with 
late implant failures 1 % 

8 (7.77) 

. 
Smoking Status 

G ~ O U P  S I  

Patients 1 % 

IO4 / 26.74 
285 1 73.26 

389 
21 (7.37) 

29 



jndividuals with a positive smokinu h i s t o ~  (H2): 

The distribution of late implant failures on a patient basis in groups S2 and NS2 is 

shown in Table 52. 

ble 52: Distribution of late imniant failures on a patient basis r 
. . 

n aroum S2 and NS2 

Of the 192 patients in group S2, 19 (9.95%) had one or more late implant failure as 

. 
Smoking Status 

Group S2 
gr ou^ NS2 

compared to the 10.66% of patients with a late failed implant in group NS2. This 

difference aimost reached significance (p=0.068). 

4 

Patients 1 % 

1 92 / 49.36 
197 / 50.64 

Number of patients with 
late implant failures / % , 

19 (9.95%) 
10 f5.08i 



\ 

Discussion 

uestionnaire response rates; 

The objective of this retrospective study is to evaluate the suwival outcomes of 

Branemark endosseous dental implants in relation to cigarette smoking. Part of the 

data compiled were based on patient response to a questionnaire that was rnailed to al1 

study participants. The questionnaire response rate was 84% (Table 7). Of the 16% 

(75 patients) of subjects who did not respond, 4% (17 patients) were deceased. The 

remaining 12% (58 patients) were impossible to contact, even after an exhaustive 

lnternet search. 

According to Wanvick and Lininger (1975), response rates on mail questionnaires are 

notoriously low and figures of 40 or 50 percent are considered good. The high 

response rate of 84% achieved in this study is likely due to the 'easy' nature of the 

survey and the close relationships developed with the patients by the IPU staff. 

Furthemore, the high response rate was also likely due to provision of a stamped self- 

addressed response envelope. Warwick and Lininger (1 975) stated that with mail 

questionnaires, (1) the greater the amount of work required of the respondent whether 

in the form of a long questionnaire or in the need to search for a response envelope, the 

lower the response rate; (2) some type of personal touch, in the fom of an introductory 

letter, for example, may be useful; and (3) the greater the intrinsic interest of the subject 

matter to the respondents, or the greater the links between the researcher and the 

respondents, the better the chances of a high response rate. In this study, al1 the 

preceding factors mntributed to the high rate of response. Any study that uses a 

questionnaire as part of the data acquisition has limitations. There is also the issue of 



the non-response bias. Non-response refers to the failure to obtain observations from 

perçons in the designated survey sample (Sackett et a1.J 997). The non-response bias 

must be addressed when utilizing a questionnaire. Specifically, in this study, there were 

16% non-respondents. One could speculate that those individuals with failed implants 

were less likely to respond to the survey, and conversely, individuals with successful 

implants were likely to respond, therefore, biasing the results. The data were assessed 

to detemine if there was a non-response bias. Except for their responses to the 

questionnaire, ali the information regarding the implants placed in the non-respondents 

was available for analysis. It was discovered that there was a significantly higher rate of 

implant failure in the 75 non-respondents compared to the 389 who did respond 

(p=0.001). Specifically, of the 31 3 implants which belonged to the 75 non-respondents, 

40 (12.78%) failed versus 103 of the 1539 implants in the patients who responded 

(6.69%). This difference is almost double. This trend rernains even after the 17 

deceased patients (4% of patients) were removed from the equation, and rightfully sol 

because they did not choose not to respond. The failure rate in the non-respondents is 

12.78% versus 6.69% in the individuals who did respond (p=0.001). Therefore, it is 

possible that a high percentage of the non-respondents were smokers. This bias could 

potentially explain the reason there was not a large difference in implant failures 

between the smokers and non-smokers. 

IV vs. late implant failures; 

Of the 1852 implants placed between 1979 to 1999, 143 (7.72%) failed. Seventy-eight 

(4.21%) of the implants failed prior to prosthesis insertion (early failures) while 65 

(3.66%) failed after prosthesis insertion (late failures). An overall implant failure rate of 

7.72% is consistent with Esposito et al. (1998) who found an overall implant failure rate 



of 7.7% from a summary of fourteen specifically selected studies found in major 

scientific joumals reporting the failure rate of Branemark implants used in various 

clinical situations. Of the 143 implant failures reported in this study, the majority 

(54.5%) were early failures, while 45.5% were late implant failures. This is consistent 

with Sennerby and Roos (1998) who indicated that the majority of implant failures are 

found at or prior to prosthesis insertion. This difference however, is not very large, with 

only 9% more early failures than late failures. This can possibly be attributed to the fact 

that in the eariy days of implant treatment at the Implant Prosthodontic Unit, an implant 

with a dubious prognosis at stage two surgery (i.e. presence of slight mobility) was 

incorporated into the final prosthesis, rather than being removed. When persistence or 

increased implant mobility at recall appointments was detected, the implant was only 

then removed and subsequently classified as a late failure. Currently, an implant with 

any mobility is not considered clinically acceptable and is not utilized in the final 

prosthesis. 

1: Srnokina during the initial implant hedina phase: 
0 0 .  

The first hypothesis of this study was designed to test the effect of cigarette smoking at 

the time of stage one surgery on implant failure. The results suggest that individuals 

who are smokers at the time of stage one surgery have a higher incidence of early 

implant failure (5.26%) than non-smokers at the tirne of stage one surgery (3.06%) do. 

Other studies have shown early implant failure rates of 6.1% in smokers and 1.2% in 

non-smokers (DeBruyn and and Collaert, 1994), 4.8% in smokers and 2.8% in non- 

smokers (Lemons et al., 1997) and 6.5% in smokers and 3.3% in non-smokerç (Gorman 

et al., 1994). The difference in early implant failures between the two patient groups in 

this study was 2.2%, while the difference in the preceding studies ranged from 2.0% to 



4.9%. The relative risk of early implant failure for a smoker at the tirne of stage one 

surgery was 1.69 (Table 27) and according to Sackett et al, (1997). any relative risk 

value which is significantly different from one is impressive and warrants consideration. 

This finding is consistent with what one would expect based on the information available 

in the literature on the effects of smoking on wound healing. As previously mentioned, 

wound healing at an implant site following implant placement occurs after a progression 

of sequenced events. Both the dental and medical literature as well as laboratory data 

have demonstrated that cigarette smoking impairs wound healing (Preber and 

Bergstrom, 1990; Miilar, 1988; Miller, 1987; Mosely, 1978; Sann, 1974). Most of the 

evidence for wound healing impairment is based on soft tissue healing, however, there 

is some evidence to implicate the constituents of cigarette smoke in impairing hard 

tissue healing. Based on the results of this study, smoking at the time of stage one 

surgery does increase the risk of early implant failure by 1.69 times. However, it does 

not appear to have an effect on late implant failures. Furthemore, this study was 

consistent with other studies, which showed a direct relationship between the quantity of 

cigarettes consumed, and implant failure (Bain and Moy 1994). There was a 

significantly higher early implant failure rate in indîviduals who smoked >5 cigarettes per 

day (5.49% failure) as compared to non-smokers and those who smoked 1 5  cigarettes 

per day (3.09% failure). Since smoking at the time of stage one surgery only influenced 

early implant failure, one could assume that smoking has a negative effect on wound 

healing and on the initial phase of osseointegration. The implants that suwived the 

initial wound healing phase did not fair any worse in smokers at the time of stage one 

surgery as compared to non-smokers. Therefore, implants in both population groups 

(Si and NSI) had the same chance of surviving after prosthesis insertion. 



actors influencina earlv and late m~lant failures; . 

As previously proposed, implant failure is multifactorial (Sennerby and Roos, 1 998). 

There is evidence to suggest that factors such as bone quantity and quality (Jaffin and 

Berman, 1991 ; Bain and Moy, 1994), excessive occlusal loading (Isidor 1 996; Block and 

Kent, 1990), implant length (Friberg et al., 1991 ; Jaffîn and Beman, 1991; Lekholm et 

al., 1994; Roos et al., 1997; Hutton et al., 1995) site of implant placement (Hutton et al., 

1995; Adell et al., 1990; Esposito et al., 1998) and surgical experience contribute to 

implant failure (Sennerby and Roos, 1998). These confounding variables were 

addressed in this study and certain trends have emerged. When the data were 

assessed in a univaritate analysis, early implant failure rates were significantly 

associated with smoking at the time of stage one surgery, implant length, implant 

surgeon, date of stage one surgery and site of implant placement. Late implant failure 

rates were significantly associated with a positive smoking history, gender, implant 

length, site of implant placement, opposing dentition and prosthesis design. When the 

data were assessed in a bivariate survival analysis, the factors which were significantly 

associated with early implant failure were smoking at the time of stage one surgery, 

implant length, implant surgeon, year of implant placement and site of implant 

placement. However, once these factors were entered into a multivariate analysis, the 

only factors that remained significantly associated with early implant failure were 

smoking at the time of stage one surgery, implant length and site of implant placement. 

The factors that remained significantly associated with late implant failure in the 

multivariate analysis were a positive smoking hiçtory, implant length and site of implant 

placement. Implant surgeon and year of implant placement were both no longer 

significantly associated with eariy implant failure. This is interesting because the 



univariate analyses clearly indicated a strong correlation between implant surgeon 

(p=0.0001, RR=2.71) and year of implant placement (p=0.001, RR=1.08) with earîy 

implant failures. Other studies have also suggested surgical experience to be a risk 

factor for implant failure (Sennerby and Roos, 1998). The early implant failure rates in 

relation to implant surgeon ranged from 044.29%. There were 4 implant surgeons who 

were associated with a failure rate greater than 8.0%. If one were to only look at these 

results, one would assume that there is a great disparity among implant surgeons and 

attribute surgical skill to success rates. Similarly, implants placed in the earlier years of 

implant dentistry (1 979-1 985) had a significantly higher early failure rate (7.1 1 %) than 

those placed in later years (1993-1999; 2.54%; Table 20). One could extrapolate that 

implant dentistry was not a refined technique in the earlier days and this accounted for 

the higher early implant failures in the earlier years. These are logical assumptions 

however, when the data were analyzed in greater detail, another explanation to these 

findings was established. When the surgeons were examined more closely, it was 

found that the surgeons with a high failure rate (~8.0%) placed the majority (85%) of 

their dental implants in the early time period (1979-1985). In addition, the majority 

(88.0%) of these implants placed were short (510mm) implants. In cornparison, the rest 

of the surgeons with a I8.O% failure rate only placed a small percentage (39%) of short 

(SlOmm) implants. Therefore, the high early implant failure rate achieved by a select 

group of surgeons who placed implants in the earlier years of implant dentistry is likely 

attdbuted to implant length. Furthemore, most of these short dental implants were 

placed in the severely resorbed anterior mandible and were primarily used to support 

implant supported complete removable prostheses in the edentulous mandible. Thus, 

implant length may also explain the reason that there was a high early implant failure 



rate (4.43%) in the anterior mandible. This may also explain the highest late implant 

failure rate (8.76%) which was found in the implants supporting implant supported 

complete removable prostheses. Other reasons that the highest late failure rate was 

found in implants supporting complete overdentures compared to implants supporting 

complete fixed prostheses include situations where implants were placed in suboptimal 

clinical situations. Such situations can occur where final treatment was an alternative 

prosthodontic solution to the one originaliy planned for. This meant that patients 

planned to receive a fixed restoration, but due to insufficient bone quantity, were 

provided with fewer implants to support an ISCR prosthesis. 

The factors that remained to be significantly associated with early implant failure after 

the multivariate survival analysis were smoking at the time of implant placement 

surgery, implant length and site of implant placement. Other studies have also found 

that implant length was a significant factor associated with implant failure (Adell et al., 

I W O ;  Friberg et al., 1991 ; Ja fh  and Berman, 1991 ; Lekholm et al., 1994; Roos et al., 

1997; Hutton et al., 1995). Shorter implants are generally associated with a greater 

failure rate than longer implants. It is therefore common clinical practice to place the 

longest implant available in the desired site, provided it is safe to do so. The rationale 

for this iç to have as much surface area contact as possible between the surface of the 

dental implant and its surrounding bone. In situations where it is not possible to place 

longer implants, various rnanufacturers have developed implants that daim to offer 

more surface area contact within a given length and diameter of implant as compared to 

the commercially pure titanium machined Branemark dental implants. This is achieved 

by either chernically treating the surface of the implant or by applying a textured surface 



to the implant. However, to date the longest standing research on dental implants has 

been based on the Branemark implants and caution should be exercised when 

considering manufacturers daims regarding 'increased surface area' available with 

other implant systems. 

Even though implant length is significantly associated with both early and late implant 

failures, the site of implant placement is also significant. The results of this study 

showed a significantly greater early (p=0.03) and late (p=0.004) implant failure rate in 

the maxilla compared to the mandible (Tables 27 and 46). This finding is consistent 

with other studies (Hutton et al., 1995; Adell et al., 1990; Esposito et al., 1998). There 

can be considerable variation in the bone quantity and quality in the maxilla, which may 

account for the lower success rate in the maxilla. Bone quality, as classified by 

Lekholm and Zarb (1985), was inconsistently recorded as part of the patients' surgical 

record. Therefore, it cannot be stated that the quality of the maxillary bone in the study 

patients was always type IV bone. One can only speculate that the bone quality of the 

maxilla was generally Type IV bone. This is in accordance with Jaffin and Bernian's 

(1991) findings where the majority of type IV bone, as determined by osteotomy in site 

preparation, was found in the maxilla. The authors also found a high implant failure rate 

in type IV bone in the maxilla. 

2: Positive smoking historv: . . 

The second hypothesis of this study was designed to test the effect of a positive 

smoking history on implant failure. The results suggest individuals with a positive 

smoking history (individuals with a >25cigyrs history) have a 1.91 times greater late 

implant failure rate as compared to those who either never smoked or had a 125cigyrs 



history (Table 46). The late implant failure rate was 3.90% in the former group and 

1.98% in the latter. Since there was no effect of smoking history on early implant 

failure, one can assume that a history of smoking does not interfere with the wound 

healing process involved in establishing osseointegration, rather, it is associated with a 

failure to maintain established osseointegration. One reason for this rnay be that the 

bone density of an individual with a positive smoking history rnay be inferior to that of an 

individual who has never smoked or had a low smoking history. As previously stated, 

smoking has a negative influence on bone density and therefore. smoking rnay also 

lower implant success rates by giving rise to poor quality bone. This can therefore 

explain the reason that even after accounting for al1 potential confounding variables 

included in this study in a multivariate survival analysis, a positive smoking history had a 

significant effect on late implant failure (p=0.05, RR=1.91). However, there are 

limitations to this conclusion. One rnay argue that the studies describing the effect of 

cigarette smoking on bone density rnay not necessarily be extrapolated to the bone 

density in the maxilla and mandible, as al1 the studies described measured bone density 

in the vertebrae, proximal femur and other sites of the skeleton. Therefore, smoking 

rnay not necessarily give rise to Type IV bone in the maxilla or rnandible which has 

been associated with lowering implant survival rates. 



ssion of results of data on a patient basis: 

The failure rates in the 'smoking' and 'non-smoking' groups is much higher when 

analyzed on a patient basis compared to when analyzed on an implant basis. This is 

due to the fact that a single failure in a patient constitutes 100% failure, whereas that 

same single implant failure constitutes a much srnaller percentage of failure on an 

implant basis. Since the average implant placed per patient was 4.0 implants, if one 

implant fails, this failure constitutes a 100% failure when analyzed on a patient basis 

and only a 25% failure when analyzed on an implant basis. Therefore, it is apparent 

that the data can be assessed in different ways, but one must always consider the 

overall clinical relevance. That same patient with one of 4 implant failures could still 

have a successful prosthetic outcome regardless of the implant failure and therefore it 

would be misleading to consider that patient a 'failure'. 

When the data were assessed on a patient basis, it was found that individuals who 

smoke at the initial implant healing phase had twice the risk of having an early implant 

failure as compared to those who do not. The early failure rate for smokers at stage 

one was 17.31 % while that of non-smokers was 8.42% (p=0.012). The difference on a 

patient basis was higher than that noted on an implant basis because the smokers had 

a significantly higher average of implants placed per patient (4.75) than the non- 

smokers (3.67). Furthemore, non-clustering of failures occurred in both the smoking 

and non-smoking groups. When we looked at the distribution of implant failures in 

groups S I  and NSI, it was found that failures did not seem to be clustered within 

individuals. Of the 285 patients in group NSI, 246 had more than one implant placed. 

Of the 246 patients, 19 (7.7%) had only one eariy implant failure and 5 (2.0%) had more 



than one early implant failures. Similarly, of the 104 patients in group Si ,  95 had more 

than one implant placed and of those patients, 12 (12.6%) had only one early implant 

failure and 6 (6.3%) had more than one early implant failure. The same trend, with the 

majority of failures being single implant failures, existed for groups S2 and NS2, for both 

early and late implant failures. Therefore, the majorities of failures were single implant 

failures and were not clustered within specific patients. 

Two other studies, which analyzed early implant failure on a patient basis, yielded 

similar results to those shown in this study. Lemons et al. (1997) showed an 7 1.8% 

early failure rate in smokers and 8.5% in non-smokers and Gorman et al. (1994) 

showed a 21.95% failure rate in smokers and 8.77% in non-smokers. Furthermore, 

patients with a significant smoking history (i.e. >25 cigyrs history) have a significantly 

greater early implant failure rate (14.06%) as cornpared to those who have either never 

çmoked or have a 25 cigarette year smoking history (7.61 %; p=0.04). 

Therefore, when assessing the data on a patient basis, it is quite obvious that smoking 

during the initial healing phase of osseointegration and a positive smoking history both 

adversely affect implant survival. 



Conclusions and Clinical Siunifieance 

This retrospective study identifies cigarette smoking as a risk factor in endosseous 

dental implant failure. Specifically, individuals who srnoke during the initial implant 

healing phase, that is, immediately after stage one surgery, have a 1.69 tirnes greater 

incidence of early implant failure compared to those who do not. Furthermore, patients 

with a significant smoking history (Le. >25 cigyrs history) have 1.91 times the risk of 

late implant failure compared to those who have either never smoked or have a 25 

cigarette year smoking history. Other risk factors for implant failures exist and must be 

identified when considering the causes of dental implant failure. 

The overall implant failure rate was 7.72% over a twenty-year period. This overall 

failure rate included failure of implants in any clinical situation. The overall failure rate 

was much lower if one were to look at single tooth implant supported prostheses or 

implants supporting fixed partial dentures, where the failure rate was 1 -11 % and 2.53% 

respectively . Even thoug h the results indicate that cigarette smoking influences 

implant survival, one must consider the clinical significance of these findings. The 

relevance ta clinical decision making is that successful implant therapy outcomes are 

predictable and an overall failure rate of 7.72% would appear to be acceptable. 

Nonetheless, it is important to infom patients of the potential factors associated with 

implant failure and this study simply contributes to the emerging database on the 

subject. In fact, it provides useful information to patients with respect to the effect of 

cigarette smoking on implant failure. One can confidently infom smokers that they 

have a greater risk of losing a dental implant if they smoke during the initial healing 

phase after implant insertion. While this risk is a mild one, it does exist. According to 



this study, the early implant failure rate in smokers at the time of stage one surgery was 

only 2.2% greater than in non-smokers at the time of stage one surgery. Other studies 

have demonstrated a difference in early implant failures between smokers and non- 

smokers which ranged from 2.0% to 4.9% (DeBruyn and Collaert, 1994; Gorman et al., 

1994; Lemons et al., 1997). Therefore, even though the difference is statistically 

significant, one may argue that it may not be very clinically compelling. Nevertheless, if 

a patient wishes to maximize the likelihood of implant survival, then the patient should 

quit smoking or at the very least, refrain from smoking during the initial healing phase 

of osseointegration. Studies have suggested that smoking cessation one week prior to 

implant placement surgery and 8 weeks after initial placement improves implant 

success rates in smokers (Bain, 1996). The biologic rationale for this protocol is that 

the effect of cigarette smoking on wound healing is reversible within one to two weeks 

prior to surgery (Bain and Moy, 1996; Riebel et al., 1995; Haverstock and Mandracchia, 

1998) and an eight-week abstinence protocol after implant placement is required 

because by this time, bone healing will have ensued and osseointegration should be 

established. This study also demonstrated that individuals with a ~25cigyrs smoking 

history have a greater incidence of late implant failure than those with a lower cigyrs 

history. Once again, this difference is not very large; however it does exist. 

Current interest in the development of bone regeneration techniques used to enhance 

potential host sites for implant placement, suggest a dynamic new avenue for more 

extensive implant prescriptions. The reconciliation of the findings in this and similar 

research reports underscore the merits of considering smoking history as an important 

deteminant of successful outcornes, even in this other field of research. Therefore, 



future research in bone regeneration techniques should be considered, taking the 

potential effects of cigarette smoking into account. 

Finally, when considering success and failure of a specific treatment modality, one must 

consider the overall clinical outcome. Specifically, one must consider the final 

prosthodontic outcome. Despite the 143-implant failures that occurred in this study, ail 

the patients at the !PU received an implant supported prosthesis, with the exception of 7 

patients (1.51%). Some prostheses which were planned to be ISCF prostheses were 

converted to ISCR prostheses due to implant failure. Nevertheless, patients were for 

the most part, extremely satisfied with the final results. The results of patient 

satisfaction with implant supported prostheses were reported on in previous studies 

(Zarb and Schmitt, 1989; Harle, 1990). It is therefore tempting to suggest that a major 

determinant of success - patient satisfaction - depends on the versatility of 

prosthodontic judgement and design, rather than exclusively on implant survival 

statistics. 

In conclusion, this study indicated that cigarette smoking has a negative effect on 

implant survival even after accounting for potential confounding variables. Based on the 

results of this study, cigarette smoking should not be a contraindication for implant 

therapy. Rather, patients should be informed that they are at a slightly greater risk of 

implant failures if they smoke at the initial healing phase after implant surgery or if they 

have a significant smoking history. 
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